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Chapter 1  

1
INtroDuCtIoN

Not surprisingly, patients often present to their ophthalmologist with visual complaints. These 

visual problems are diverse and may be described as hazy vision, difficulty with reading small 

print, more trouble with distinguishing traffic signs or blinding by oncoming car head lights. 

Other patients complain of loss of contrast vision causing them to trip on the stairs or pavement, 

difficulty with facial recognition, loss of colour vision, haloes around lights, or more problems 

adjusting when going from light to dark, e.g., on entering a tunnel or a darkened room. Patients 

expect their ophthalmologist to recognize and understand their problems. They would like to see 

their complaints quantified in a number (e.g., your vision is 50%) and wish to understand what is 

the underlying cause of the loss of visual quality. 

Usually ophthalmologists only use visual acuity measurements with a letter chart to quantify and 

objectify patient complaints. However, visual acuity measurements are not representative for 

all aspects of quality of vision.1-15 Additional vision tests which measure other aspects of visual 

functioning could have an added value in assessing subjective quality of vision.2-9,16-18 To this 

effect, several glare tests have been developed, which measure the reduction in visual acuity 

or contrast sensitivity due to blinding by a glare source.1-5,16,19,20 The design of these various 

glare tests involved several different definitions of functional impairment or visual function, and 

several glare sources.2,3,17,21 This resulted in inadequate measurement methods, poor correlation 

with clinical symptoms or poor repeatability. Moreover, the tests were not regularly used, leaving 

a gap in the routine clinical evaluation of visual performance.1-3,5,6,9,16-20,22,23 The aim of the research 

leading to this thesis was to examine whether straylight measurements are suitable to fill this gap. 

INtraoCular StraylIght; BaSICS aND CauSeS 

In a perfect eye, light would pass all structures undisturbed to form a perfect image at the retina.

(Figure 1.1A)17 However, in reality the eye media are not optically ideal and the light passing 

into the eye will always be scattered to some extent, causing straylight. (Figure 1.1B)17,24 Light-

scattering in the eye causes a veil of light over the retinal image, reducing the contrast of this 

retinal image and thus leading to reduced quality of vision. (Figure 1.1C)1,8,14,15,17,19,20,22-31 Glare 

disturbance due to straylight is very common in the population, as it is ordinarily present in all 

eyes from early childhood. It is often experienced as a normal visual event.22 

For a young, normal eye about 10% of the incoming light is scattered by the optical parts of the 

eye (cornea and lens), by diffuse light reflectance by the fundus, as well as by light transmittance 

through the apparently opaque ocular structures (iris and sclera). (Figure 1.2)1, 13,17,19,21,23,29,30,32 In a 

young, healthy, Caucasian eye, the cornea and lens each contribute for about 1/3 to intraocular 

light-scattering, while iris, sclera and fundus cause the remaining 1/3 of scattering.12,19,32,33
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Figure 1.1 A: In a normal eye light is focused on the retina to form a perfect retinal image. B: Due to media 
opacities, some of the light is scattered, leading to straylight. Straylight reduces the contrast of the retinal 
image, as can be seen when the lower part of C is compared to the upper part.

Figure 1.2 Causes of intraocular forward scattered light.
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VISual effeCtS

Already in the first half of the 20th century, it was acknowledged that the optical phenomenon 

of light-scattering in the eye could lead to complaints of disability glare.1,14,17,19,20,26,27,34 

Disability glare is an effect of intraocular straylight.1,2,14,16,20,22,30,31,35-37 Straylight may cause visual 

problems as hazy vision, increased glare hindrance, e.g. blinding by a low sun or oncoming car 

headlights, loss of contrast and color, halos around bright lights and difficulties with against-

the-light face recognition. (Figure 1.3) 1,13-15,17,19,26,27,34,36 Straylight and visual acuity are poorly 

correlated,1,4,13-15,19,31,33-36,38,39 and the effect of straylight on visual functioning is different from 

the effect of decreased visual acuity on vision.14,15,19 Typical straylight complaints occur quite 

independently from visual acuity-associated complaints.36 

Figure 1.3 On the left side are shown images as seen by the average normal eye. On the right side, these 
images are shown as seen by an eye with 2x increased straylight.

Visual quality and the different role of visual acuity and straylight can be better understood by 

looking at the point spread function (PSF).21,36 Even in an eye with the best possible refractive 

correction, the image which is projected on the retina remains imperfect.23 When a point light 

source is projected on the retina, not all light is focused in the same place and the retinal image 
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1
is not an ideal point. Some light will be spread over the retina, causing loss of image quality.19,23,29 

The PSF is defined as the retinal light distribution of a point source of light and describes the 

quality of the retinal image, which is the starting point for the visual process.19,21,23,29,36 

The PSF consists of two parts: it has a steep central peak and wide sides. (Figure 1.4)23 Visual acuity 

corresponds to the very central peak of the PSF and contrast sensitivity to the adjoining parts 

between 0.06° and 0.33° of the visual angle.13,19,36 Straylight is defined as the outer part of the PSF 

from 1 to 90°.1,13,17,19-21,25,29,30,36,40 Thus, straylight is concerned with light-scatter over large angles (1° 

to 90°), while visual acuity is determined by light deflections over small angles (<0.1°).19 

The form of the PSF is the result of light-scatter induced by microscopic inhomogeneities and 

classical wavefront aberrations.17 The central peak of the PSF represents the direct imaging 

of a scene on the retina, which can be measured by visual acuity testing, and the form of this 

central peak is determined by errors in the refractive media.29,36 Irregularities which are very large 

compared to wavelength cause these wavefront aberrations.36 Straylight is caused by light-scatter 

by small particles and can be measured with psychophysical techniques.23 Thus, the two domains 

of the PSF originate from differently sized processes in the ocular media,36 and changes in one 

domain are not necessarily accompanied by changes in the other domain.19 Straylight yields an 

Figure 1.4 The point spread function (PSF), divided into several domains, which correspond to different 
aspects of visual functioning. The central peak corresponds to visual acuity (red), the adjoining parts to 
contrast sensitivity (blue) and the wide sides to straylight (green). (Figure graphics: courtesy of dr Ralph 
Michael)
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effect over the whole range of the PSF and might influence visual acuity and contrast sensitivity.40 

However, those effects are much smaller than the increase in straylight.40 Combined with the 

steeply declining central peak of the PSF, also little influence on this highest central peak (visual 

acuity) is to be expected.40

Considering the different effects of straylight and visual acuity on visual performance, straylight 

measurement could have an additive value in the clinical evaluation of visual functioning.1,36 

The clinical and visual effects of intraocular forward scatter can be illustrated in the following case 

descriptions. 

CaSe DeSCrIPtIoNS

The following case histories are added to this thesis to illustrate how debilitating straylight 

complaints can be. The following patients all presented with (fairly) good visual acuity, but they 

still felt handicapped due to complaints of decreased quality of vision. When only standard visual 

acuity measurement was performed, these patients would have felt profoundly misunderstood. 

Straylight measurements showed the cause of their complaints. Moreover, clinical decision 

making in these cases was influenced by the amount of straylight. 

The first patient is a 62-year old bus driver. He is known with bilateral Fuchs’ endothelial dystrophy 

and cataract. He complains of increased glare hindrance when driving at night, especially when 

the oncoming cars have LED headlamps or on wet nights when the wet asphalt reflects the cars’ 

headlights. During bright days the sunlight blinds him, causing him to see his surroundings hazy 

and without contrast. To prevent stumbling, he continually wears a cap and sunglasses. Visual 

acuity of his right eye is 20/25 (0.8) and of his left eye 20/20 (1.0). 

The second patient is 67 years old and has bilateral congenital posterior polar cataracts. She 

first presented to the outpatient clinic of the Department of Ophthalmology of the Academic 

Medical Center in 2010. She complained of glare hindrance when driving due to blinding by the 

headlights of oncoming cars. She also reported difficulty when trying to read in the dark. This 

type of cataract increases the risk of complications during cataract extraction. Due to this fact and 

her fairly good visual acuity of 20/25 (0.8) in the right eye and 20/30 (0.6) in the left eye cataract 

extraction was postponed. In February 2012, the patient presented with increased complaints 

of glare hindrance when driving a car in the evening and at night, which had caused her to stop 

driving in the twilight and dark. Also at other moments, she experienced increased straylight 

hindrance to such a level, that she requested to undergo cataract extraction. Visual acuity had not 

changed compared to 2010 and was still 20/25 (0.8) in the right eye and 20/30 (0.6) in the left eye. 
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The third patient, 64 years old, is pseudophakic and has undergone a posterior lamellar corneal 

transplant for Fuchs’ endothelial dystrophy. On the central anterior surface of her intraocular lens 

(IOL) she developed a dense membrane. Although best corrected visual acuity remained 0.7, she 

felt visually handicapped as she hardly had any vision in bright daylight. During the day, and even 

more so on sunny days, she could hardly look out of the window, walk on the street or cycle, as 

the surroundings would all be blurred and hazy. 

The straylight values of these patients were much increased. They can be found on pages 18 and 

19 in the section ‘Straylight values of our patients’, after an introduction of how straylight can be 

measured and what values are to be expected in normal and diseased eyes. 

meaSuremeNt of retINal StraylIght

Despite the previously described drawbacks of using only visual acuity measurements to test 

the extent of visual quality loss,  in the past regular use of additional visual function tests was 

hindered by the lack of repeatable, sensitive, reliable tests. 1-3,5,6,9,16-20,22,23As a new straylight 

meter (the C-Quant by Oculus Optikgeräte GmbH, Wetzlar-Dutenhofen, Germany) (Figure 1.5) 

became clinically available in 2005, this solved the existing clinical difficulties with straylight 

measurements and a new aspect could be added to the clinical evaluation of visual functioning.  
 

 

 
Figure 1.5 The C-Quant straylight meter. The patient looks through the central eyepiece with one eye, while 
the other eye is occluded. He sees the picture on the right with a central test field with two half fields. Light 
from the flickering large surrounding ring will be scattered towards the central test field. The central test 
field will appear to become illuminated, but this experience will be the result of straylight. A counterphase 
compensation flicker is presented in one half of the central test field and the subject is asked to decide 
which half of the central test field flickers more strongly and to press the button on the corresponding side 
(2-alternative forced-choice procedure). By analyzing the responses, the amount of intraocular straylight 
can be determined reliably. The operator can follow progression of the test and check the results and the 
measurement reliability on the computer screen. 
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Straylight measurement by the C-Quant is based on the psychophysical Compensation 

Comparison method.1,20,25 The subject fixates on a central test field, which is divided in two 

halves and surrounded by a large annulus-shaped light. (Figure 1.5) When the test starts, the 

large surrounding ring will start flickering. When the light of this large ring is on, most of it will 

be focused onto the retina to form the ring-shaped retinal projection (the non-scattered light). 

A small part of it will be scattered in the eye by the non-perfect eye media and will form a veil 

of light over the surrounding retina. This scattered light will also form a veil over the central 

part of the retina, the fovea, which is fixated on the two halves of the central test field. Because 

the fovea is veiled over, the central test field will appear to become slightly illuminated and to 

assume a somewhat grey tint. In reality however, the test field itself remains black and the light 

comes from the surrounding ring. When the light of the ring turns off, both test field and ring 

will appear black again to the subject; thus while the surrounding ring is flickering, the subject 

perceives a faint flicker in the central test field. During the test, in one of the halves of the test 

field (randomly chosen) a compensation flicker is added. The subject is now able to compare the 

flickering in both halves of the test field. In one half, the subject sees only the straylight flicker 

due to the scattered light from the ring. In the other half the subject sees the straylight flicker 

with an added compensation flicker, which flickers in counterphase with the straylight. The exact 

amount of retinal straylight is determined by varying the counterphase compensating light in 

the test field.19,20 The flicker perception in the test field can be extinguished by adjustment of 

the compensation light to the amount that compensates the scattered light from the flickering 

ring.19,20 The amount of compensation light needed to silence the straylight flicker directly 

corresponds to the strength of the retinal straylight.36 The subject’s task is to decide for each 

stimulus which side of the test field flickers more strongly (the two-alternative-forced-choice 

procedure).  A psychometrical response curve is computed from the subject’s responses, from 

which the straylight parameter and a measure for the quality of the measurement are deduced.20 

It has been shown that optical measurements of light-scatter and psychophysical assessments of 

retinal straylight correspond very closely, as an equalization technique is used.36 The retina has 

to compare an unknown luminance with a known luminance; it is known that human observers 

can very precisely establish identity between two stimuli. Potential retinal asymmetries will 

not confound the measurements, as the stimuli are switched randomly between the two half 

fields.36 Straylight measurement with the C-Quant can be considered an objective, yet functional 

assessment.36

Measurement by the C-Quant results in a functional straylight parameter s, which expresses the 

amount of straylight as experienced by the patient. This parameter presents the relation between 

the amount of unwanted, scattered light, which causes the veil of light over the retinal image, and 
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the wanted, focused, non-scattered light, which forms the retinal image. Usually the logarithm of 

the straylight parameter s is used and the result is denoted as log(s). 

To be clinically routinely useful, an additional visual function test should be scientifically valid, 

fraud resistant and standardised. Moreover, it is necessary that the test is easy to understand, to 

explain and to perform.1 The measurement should also be repeatable and should correlate with 

patient’s symptoms.2,4,20 Straylight is easily assessed in clinic with the C-Quant. As the technique 

is non-touch and lasts only around 1.5 to 2 minutes, it is not cumbersome to the patient. The 

outcome of the straylight measurement cannot be consciously influenced by the patient, in 

contrast to visual acuity measurements, making the test very resistant to fraud from the patient.1 

For the operator, it is virtually impossible to influence the patient’s outcome.39  There is no 

learning effect when the test is performed repeatedly.39,41-43 The instrument supplies a reliability 

index, called the “estimated standard deviation” (ESD), for each measurement.25 Measurements 

should only be included when ESD is considered reliable (below 0.1).25 The C-Quant gives highly 

reproducible results for untrained subjects over a large range of straylight values.20,32 A reference 

data base was established in a large European multicenter study, in which straylight values of 

more than 2400 subjects were included.14

Normal aND aBNormal StraylIght ValueS 

The amount of intraocular straylight between healthy, contra lateral eyes of the same person 

is usually nearly identical,43 but between individuals with healthy, normal eyes quite significant 

variations can exist.14,19,28,44 Population-based studies have shown that very different straylight 

levels can be found in the normal population and that considerable straylight increase is frequently 

encountered. 1,14,19,28,44 Factors as age and pigmentation influence the amount of intraocular 

straylight.1,13,19-21,23,28-30,45 Iris colour is shown to influence the intraocular straylight level, with a 

light-blue-colored iris being associated with significantly higher straylight levels than green-hazel 

or brown eyes.1,13,17,19,32 In eyes with little pigment, an increased amount of intraocular straylight 

is due to the higher iris translucency, to the higher fundus reflectance because of lower fundus 

pigmentation and to the higher transparency of the less pigmented ocular wall.1,13,17,19,23,29,30,32 

In the aging eye, the amount of straylight increases, mostly due to age-related changes in the 

crystalline lens.1,4,13-15,19,21,24,26-28,30-32,35,44,46 

Average straylight values for young, healthy, Caucasian eyes are around log(s)=0.9. (Figure 

1.6)1,13,14,17,21,30,31,34-36,44 Higher straylight values indicate more glare sensitivity and a more 

compromised visual function.31,34 Straylight in healthy eyes starts to increase slowly from about 

forty years of age, doubles around 65 years and triples by the age of 77 years.1,7,14,15,17,31,35,44,45,47 In 

eyes with ocular pathology, much higher straylight values may be found,1,14,15,17,29,30,36 such as in 
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our case descriptions. Extremely high straylight values lead to much loss of visual quality, even 

if visual acuity remains reasonable, and these high straylight values cannot be ignored in clinical 

decision making.  

 

 
Figure 1.6 Example of a result of a straylight measurement. The straylight value is marked with a red dot. The 
solid black line shows the normal straylight values as a function of age for healthy eyes with the upper and 
lower 95% confidence limits (gray zones). The parameters “Esd” and “Q” are used to estimate the reliability of 
the measurement.  An increase of 0.3log(s) corresponds to a doubling of the amount of intraocular straylight 
compared to normal eyes.

StraylIght ValueS of our PatIeNtS

The 62-years old bus driver with bilateral Fuchs’ endothelial dystrophy and cataract and visual 

acuity of 20/25 (0.8; right eye) and 20/20 (1.0; left eye) had straylight values of log(s) = 1.58 

(right eye) and log(s) = 1.55 (left eye), corresponding to elevations of respectively 4.8x and 4.5x 

compared to the young normal eye. These values are elevated compared to normal straylight 

values for age-related, healthy eyes. The nature of his complaints was explained to the patient. 

It was also explained that, despite his good visual acuity, quality of vision was worse due to the 

Fuchs’ dystrophy and cataract. Therapeutic options (cataract extraction, possibly followed by a 

lamellar corneal transplant) were discussed, as was the chance of postoperative improvement 
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in quality of vision. Straylight values are expected to improve postoperatively (chapter 5 of this 

thesis). The patient decided his complaints were tolerable at the moment and he preferred to 

postpone surgery. At a next control visit it is possible to document whether progression of the 

disease has taken place, by repeating straylight and visual acuity measurements.  

The 67-years old patient with bilateral congenital posterior polar cataracts and visual acuity of 

20/25 (0.8) in the right eye and 20/30 (0.6) in the left eye had a straylight value of log(s) = 2.09 

in the right eye, which is 7.5x elevated compared to straylight in age-related, normal eyes. The 

straylight value in her left eye could not be determined exactly, but was clearly also extremely 

elevated.  The patient decided to undergo cataract extraction, which was performed successfully 

in her left eye first. Postoperatively, the patient was very satisfied with her visual quality. Visual 

acuity in her left eye had improved to 20/20 (1.0) and straylight to 1.20, which is a normal value 

for healthy eyes of this age. Currently, the patient is on the waiting list for cataract extraction of 

her right eye.

The third patient with the membrane on the central anterior surface of her intraocular lens (IOL) 

and best corrected visual acuity of 0.7 had a straylight value of 2.08log(s), which is 8x elevated 

compared to normal values of healthy eyes of the same age. The dense membrane occupied the 

major part of the area of the natural pupil. As the pupil widens and the pupil area increases, the 

percentage which is occupied by the membrane consequently decreases and the part of incoming 

light which is scattered by the membrane decreases as well. A larger part of the incoming light can 

be focused on the retina. Thus, the patient started the use of pupil dilating eyedrops. Although 

best corrected visual acuity decreased from 0.7 to 0.4, the patient was satisfied with the use of 

these eye drops as she considered visual quality to have improved. Straylight had decreased by 

1/3 to log(s) = 1.98. 
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StraylIght IN aNterIor SegmeNt DISorDerS
 

 

 

 

Figure 2.1 Left: Normal ocular anterior segment, consisting of the cornea, anterior chamber, pupil and iris 
and lens. Right: Normal ocular anatomy. After passing through the anterior segment, the incoming light 
travels through the vitreous to reach the retina and form the retinal image. 

The retinal image is formed in the posterior segment of the eye, but light that falls into the 

eye first has to pass through the anterior ocular segment (to which tear film, cornea, anterior 

chamber, the pupil and iris, and the lens belong) to reach the retina. (Figure 2.1) The normal 

ocular anterior segment contributes considerably to visual functioning; e.g. for straylight, it is 

known that intraocular light-scattering is for the major part influenced by the anterior segment 

(for 1/3 by the cornea, for 1/3 by the lens and for 1/3 by the iris, sclera and fundus). (Figure 1.2)1-4 

Corneal and lenticular disorders (e.g. cataract) are commonly encountered in ophthalmological 

practice. Due to normal aging, or when pathology is present, the influence of the anterior 

segment on visual quality increases even more. Considering the large influence of the ocular 

anterior segment on the amount of intraocular straylight and the high prevalence of anterior 

segment disorders in ophthalmological practice, straylight problems can also be expected to play 

a large role in ophthalmological practice and to be experienced by many patients. Clarification of 

the role of straylight measurements in clinical practice and decision making is thus of importance.

aImS of thIS theSIS

When the research leading to this thesis was started, the clinical use of straylight measurements 

was largely unknown to many ophthalmologists. Visual acuity measurement was the main and 

in many cases only measurement of visual functioning performed in most ophthalmological 

practices. However, visual acuity measurements cannot account for all visual complaints of certain 

patients, as is known for patients with anterior segment problems such as Fuchs’ endothelial 

dystrophy, cataract or opacified intraocular lenses.1,5-18 As straylight hindrance can occur while the 
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patient has good visual acuity,1,5-23 the ophthalmologist may not correctly appreciate the nature 

of the patients’ complaints and patients may feel misunderstood. 

Furthermore, clinical ophthalmological investigation of the transparency of the ocular media is 

mainly based on slitlamp examination. (Figure 2.2) However, straylight complaints cannot be 

very well predicted or understood from slitlamp examination.14,24 The exact source and amount 

of straylight within the eye cannot be determined by the slitlamp. Straylight is based on forward 

scattered light, which is light scattered in the direction of the retina and in the direction in which 

it is perceived by the patient.2,7,9,17,18,24-27 Slitlamp examination is based on back scattered light, 

which is typically used only to assess the quality of the ocular tissues.2,7,9,13,14,17,18,24-28 Back scattered 

light is light scattered in the opposite direction, away from the patient and in the direction 

of the observer. Backward scattered light mainly reduces the amount of light reaching the 

retina, while forward scattered light reduces retinal image contrast by superimposing a veiling 

luminance upon the retinal image.2,16,17,18,24-26,28-38 Backward scattered light and forward scattered 

light are poorly correlated,2,5,7,9,10,17,18,25,27,28 and observations based on backward scattered light 

are not able to correctly assess the amount of forward scattered light or adequately locate the 

underlying source.2,7,13,14,25,26 A discrepancy may thus exist between the clinical observations of the 

ophthalmologist with the slitlamp and the complaints of the patient.

 

Figure 2.2 Slitlamp and images of the ocular anterior segment as seen with the slitlamp.  Upper left: diffuse 
illumination. Middle left: broad beam illumination. Lower left: slit illumination. (Figure taken from: http://
www.diytrade.com/china/pd/2104397/YZ5S_Digital_Slit_Lamp.html)
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This thesis aims to further clarify

1. the role of the healthy and diseased anterior ocular segment in the amount of intraocular 

straylight. Straylight was evaluated clinically and in-vitro for several common disorders 

of the anterior segment of the eye.

2. the role of straylight measurements in the clinical practice and decision making 

concerning corneal and lenticular disorders. The clinical usefulness and applicability of 

straylight measurement and the importance of straylight in comparison to the generally 

accepted and universally used visual acuity measurement were investigated.

INtroDuCtIoN to CorNeal lIght-SCatter

the cornea 

 

Figure 2.3 Corneal anatomy. The cornea consists of five layers (from anterior to posterior: epithelium, 
Bowman’s membrane, stroma, Descemet’s membrane and endothelium). 

The cornea is the clear anterior part of the eye and mainly responsible for focusing light on 

the retina. (Figure 2.3) The cornea consists of five layers (from anterior to posterior: epithelium, 

Bowman’s membrane, stroma, Descemet’s membrane and endothelium). The central cornea is 

around 0.52 mm thick and is made for 90% of stroma. Stroma is constructed from collagen fibrils, 

ground substance and keratocytes, which are arranged in a very precise way to preserve corneal 

transparency. The function of the endothelium is to maintain adequate corneal hydration, which is 

necessary to preserve normal corneal thickness and clarity. A normal, healthy cornea is avascular. 

Corneal light-scatter 

Corneal light-scatter does not increase with age for healthy corneas,3,18,39,40 but small changes 

in corneal clarity at any level of the corneal anatomy can lead to an increase in intraocular 

straylight.18,25 The first part of this thesis will be dedicated to the influence of the healthy and 

diseased cornea on intraocular light-scatter. Disturbance of the highly organised ultrastructural 

configuration of healthy corneas, e.g. due to contact lens wear or refractive surgery, may lead to a 
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decrease in corneal transparency and an increase in corneal light-scatter.29 Corneal disorders and 

dystrophies may have a large effect on intraocular light-scatter, depending on the underlying 

pathology.29 

Corneal light-scatter by healthy corneas due to contact lens wear (figure 2.4) 
 

 

 
Figure 2.4 Left: a soft contact lens is inserted into the eye. Right: A soft contact lens in the eye. (Figures taken 
from: http://mcdougaleyes.com)

Previous studies have looked at the potential influence of habitual contact lens wear on quality 

of vision, as disability glare is a complaint often heard among contact lens wearers.18,28,,41-43 The 

results of these studies indicated an effect of contact lens wear on the amount of straylight,18,44 

but were inconsistent to the exact outcome. Increased straylight levels compared to age-

matched normal eyes or spectacle wearers were found among habitual wearers of both rigid gas 

permeable and hydrophilic contact lenses,2,28,41,44 although another study did not find any effect 

among hydrogel lens wearers.42 Rigid contact lens wear led to a higher amount of straylight than 

hydrophilic contact lens wear.28,44 However, in hydrophilic contact lens wearers the amount of 

straylight remained elevated  after contact lens removal compared to normal levels.28,43 Among 

these hydrophilic contact lens wearers, slitlamp examination did not show any clinical corneal 

pathology, so possibly subclinical corneal changes in the epithelium might be responsible for 

the deterioration in visual quality.28,45 Considering the many uncertainties which still surrounded 

quality of vision in contact lens wearers, and the high prevalence of contact lens wear, we have 

attempted to clarify and quantify the effects of rigid and soft contact lens wear on straylight 

further. Our study of straylight in 60 habitual contact lens wearers can be found in Chapter 3. This 

study investigated the correlations of the straylight scores of rigid and soft contact lens wearers 

with contact lens characteristics, corneal changes at the slitlamp and a questionnaire evaluating 

subjective straylight complaints. 
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Chapter 3: Straylight measurements in contact lens wear. Van der Meulen IJ, Engelbrecht LA, van 

Vliet JM, Lapid-Gortzak R, Nieuwendaal CP, Mourits MP, Schlingemann RO, van den Berg TJ. Cornea 

2010;29:516-522.

Corneal light-scatter by healthy corneas after laser refractive surgery (figure 2.5)  

 

Figure 2.5 Left: Laser in situ keratomileusis (LASIK) is performed on the corneal stroma after cutting and 
removing a superficial corneal lamella. Right: epithelial downgrowth is one of the complications of LASIK, in 
which epithelial cells grow into the interface between the anterior corneal lamella and the treated corneal 
stroma. (Right  taken from: Krachmer JH, Mannis MJ, Holland EJ, ed. Cornea. Second edition. Philadelphia: 
Elsevier-Mosby, 2005.)
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Patients undergoing refractive surgery usually wish to end up with perfect vision, and postoperative 

corneal light-scattering can be a profound source of dissatisfaction to the patient.46-50 Studies of 

healthy corneas undergoing laser refractive surgery (photorefractive keratectomy; PRK or laser 

in situ keratomileusis; LASIK) usually show good results concerning postoperative straylight, 

with average straylight values remaining unchanged or even improving.2,18,27,46-49,51 In some 

studies the straylight effect changed over time with continuing postoperative follow-up.27,46 

However, in individual patients, significant straylight increases can sometimes be found.2,18,,47-50 

Especially complications of the refractive procedure, such as epithelial ingrowth (Figure 2.5), 

haze, microstriae or interface debris, can be associated with large increases in the amount of 

straylight.18, 27, 47-50 This may lead to a visually handicapped and thoroughly unhappy patient. In 

Chapter 4 a study is reported of straylight values in eyes with epithelial ingrowth after LASIK. 

The amount of straylight slowly returns to acceptable levels after treatment of this well-known 

complication. 

Chapter 4: Straylight measurements before and after removal of epithelial ingrowth. Lapid-Gortzak R, 

van der Meulen I, van der Linden JW, Nieuwendaal C, Mourits M, van den Berg T. J Cataract Refract 

Surg 2009;35:1829-1832.

Corneal light-scatter by a diseased cornea due to fuchs’ endothelial corneal dystrophy 

 

   

 

Figure 2.6 Left: Slitlamp image of a cornea with Fuchs’ endothelial dystrophy with retrograde illumination. 
Right: The endothelium in Fuchs’ endothelial dystrophy. The regular endothelial pattern is disrupted by dark 
areas without endothelial cells (guttae). 

A diseased cornea may lead to decreased visual quality. One of the most frequently encountered 

corneal diseases diagnosed and treated at the corneal clinics in the Academic Medical Center in 

Amsterdam, the Netherlands, is Fuchs’ endothelial corneal dystrophy. (Figure 2.6) It is a relatively 

common corneal dystrophy (prevalence around 4% of the USA population over the age of 40 

years), which is slowly progressive and bilateral, though frequently asymmetric.52,53 It mostly 

affects females (female to male ratio of 2.5-3:1) and can be early-onset (manifesting around the 

3rd decade of life) or late-onset (becoming apparent around the 5th decade of life).52,53 Fuchs’ 
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endothelial corneal dystrophy is a disorder of the corneal endothelium, which forms a monolayer 

of cells on the inner portion of the cornea and preserves corneal clarity by its barrier and pump 

function.52 Fuchs’ endothelial corneal dystrophy is characterized by accelerated loss of endothelial 

cells, resulting in a slow increase in corneal hydration, eventually leading to corneal edema.52,53 

The associated focal drop-like depositions of abnormal collagen at Descemet’s membrane lead 

to the formation of corneal guttae, visible at the slitlamp as numerous small excrescences and 

considered essential in the diagnosing of Fuchs’ endothelial corneal dystrophy.52,53 The presence 

of guttae and stromal edema will lead to deterioration of quality of vision,52-54 but visual acuity 

and straylight may be affected in a different way in this disease, as is discussed in chapter 5. In this 

study straylight measurements are shown to be a valuable tool in helping to decide when surgical 

treatment can be of value for these patients. 

Chapter 5: Quality of vision in patients with Fuchs endothelial dystrophy and after Descemet stripping 

endothelial keratoplasty. Van der Meulen IJ, Patel SV, Lapid-Gortzak R, Nieuwendaal CP, McLaren 

JW, van den Berg TJ. Arch Ophthalmol. 2011;129:1537-1542. Epub 2011 

Corneal light-scatter by a diseased cornea after lamellar corneal transplantation

 

 

Figure 2.7 Upper: Eye after Descemet stripping endothelial keratoplasty (DSEK) with a posterior lamellar 
corneal transplant. Lower: slitlamp image of a cornea after DSEK with a posterior lamellar corneal transplant: 
the edge is visible at the inner side of the corneal contour. (Courtesy of C.P. Nieuwendaal)
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The current treatment of choice for corneal endothelial dysfunction is the surgical removal of 

the diseased endothelium and Descemet membrane and replacing this by transplanting a thin 

layer of donor stroma, Descemet membrane and endothelium (Descemet stripping endothelial 

keratoplasty; DSEK; Figure 2.7).54-59 Compared to penetrating keratoplasty (PK), which has been 

the gold standard for decades, DSEK results in rapid visual rehabilitation, lower postoperative 

astigmatism, maintenance of better globe integrity and stability and absence of suture-related 

complications.54-57 DSEK leads to a significant improvement in quality of vision postoperatively.54 

Although straylight improvement after DSEK and PK was found to be comparable in some 

studies,56,57 one study found straylight values to remain higher after DSEK than after PK.59  The 

graft-host interface or chronic ultrastructural changes in the anterior corneal stroma of the 

host could increase forward light-scatter postoperatively.54-56 Our study of patients who have 

undergone DSEK shows that postoperative quality of vision improves significantly up to 1 year 

postoperatively (chapter 5). In chapter 6, the long-term follow-up of these patients is described 

and quality of vision is evaluated several years postoperatively.

Chapter 6: Correlation of straylight and visual acuity in long-term follow-up of manual Descemet 

Stripping Endothelial Keratoplasty. van der Meulen IJ, van Riet TC, Lapid-Gortzak R, Nieuwendaal CP, 

van den Berg TJ. Cornea. 2012;31:380-386.

INtroDuCtIoN to leNtICular lIght-SCatter

the lens

 

Figure 2.8 The human crystalline lens is completely transparent and positioned inside a capsular bag. This 
bag is attached with zonules to the ciliary body and is situated behind the iris. (Figure taken from: http://www.
laramyk.com)
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The human crystalline lens is a transparent structure, positioned inside a capsular bag behind the 

iris and in front of the vitreous body. (Figure 2.8) The lens attributes to the refractive power of the 

eye to focus incoming light on the retina.60 Growth of the lens continues throughout life and with 

age, the lens stiffens and progressively loses its transparency, resulting in presbyopia and vision 

loss due to cataract formation. (Figure 2.9)60-62 

Figure 2.9 Left: slitlamp image of nuclear cataract. Right: mature cataract. (Figure taken from: http://webeye.
ophth.uiowa.edu/eyeforum/atlas/pages/mature-cataract-3.html)

Cataract extraction is the most commonly performed surgical procedure worldwide.15,63 The 

cataractous crystalline lens is removed  by phacoemulsification. After removal of the crystalline 

lens,  the capsular bag is cleaned to remove as much lens epithelial cells as possible and an 

intraocular lens implant (IOL) is placed inside the bag (Figure 2.10), in these ways reducing the 

chance of postoperative capsule opacification.63

lenticular light-scatter

The young human lens is clear and transmits nearly 100% of incident light.62 Disturbance of the 

high spatial order of the lens fibres and aggragation of proteins within the lens with increasing 

age result in cataract formation and increased forward light-scattering (Figure 2.11).7,18,60,62 

Separate parts of the lens contribute in a different manner to intraocular forward scatter, which is 

a predominant cause of visual loss in early cataract.64,65  Straylight is better correlated to cataract 

severity than both visual acuity and contrast sensitivity,2,60,66 and a better predictor of functional 

visual loss than visual acuity measurement.9,11 All forms of cataract give rise to increased straylight, 

although cataracts with components of posterior subcapsular cataract usually elevate straylight 
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Figure 2.10 Intraocular lens implant (IOL) inside the capsular bag after cataract extraction. 

Figure 2.11 Left: when the crystalline lens is clear, the incoming light is focussed on the retina and a clear 
and distinct image is formed. Right: Cataract formation disturbs the high spatial order of the lens fibres and 
increases the amount of intraocular forward scattered light. The retinal image becomes hazy and blurred.
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levels most. 10,18,24,26,60,67  The effect of cataract on straylight values is comparable to that of extreme 

aging of the lens2,18,39 and increasing cataract severity elevates levels of intraocular straylight 

proportionately.10,60,66 Mean intraocular straylight for a mild cataract is around 1.4log(s), which is 

approximately a threefold increase compared to young, healthy eyes, but in advanced cataract 

straylight levels can be much higher.60,66 

As cataract and subsequently cataract surgery are highly prevalent among the population,10,14,63 it 

is necessary to obtain a precise understanding of the functional vision losses and accompanying 

complaints due to lens opacities, and the visual improvement which can be expected from cataract 

surgery. The second part of this thesis will be dedicated to further elucidating the influence of the 

cataractous lens, the lens capsule and IOLs on quality of vision and intraocular straylight. 

lenticular light-scatter and cataract surgery

As cataract is such a prevalent disorder and so many resources are spent on cataract surgery, 

it is adamant to be able to predict postoperative outcome as good as possible. Although 

postoperative results of cataract surgery are generally good, outcome occasionally surprises 

and gives an unhappy patient and consequently doctor. Indications for cataract surgery are 

usually based on slitlamp examination and visual acuity measurement.26,67 As the slitlamp 

image consists of backscattered light and visual acuity testing may underestimate functional 

impairment,1,8,10,15,16,18,25 these preoperative examinations may be insufficient for effective 

preoperative surgical counseling.5-7,9,12,17,18,26,66-68 Other tests which more faithfully reflect functional 

vision loss may be needed to improve the preoperative decision process.5,7,9,12,18,25,66-68 Because 

forward scatter is known to have functional importance9,26,66 and is not correlated with visual 

acuity,7,9,14-16,63,66,67 additional preoperative straylight measurement could be a useful addition to 

the surgical decision making.2,18,67   

In chapter 7, the value of straylight measurements in patients with cataracts is evaluated. It is 

shown that straylight is almost equally important as visual acuity for subjective quality of vision 

and that straylight measurements are very helpful in determining the right moment for cataract 

surgery.

Chapter 7: Straylight measurements as an indication for cataract surgery. Van der Meulen IJ, Gjertsen 

J, Kruijt B, Witmer JP, Rulo A, Schlingemann RO, Van den Berg TJ. J Cataract Refract Surg 2012;38:840-

848. 

lenticular light-scatter in pseudophakic eyes

After cataract extraction, restoration of straylight levels to those of normal, healthy, young eyes is 

expected.16,18,38 The old and opacified crystalline lens is replaced by a clear, thin IOL, which scatters 
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even less light than a young, transparent crystalline lens, one might assume.4 This makes the 

situation after cataract extraction comparable to or better than that of  a young, healthy eye as 

far as intraocular lenticular forward light-scatter is concerned. Several studies have shown that 

straylight improves after cataract extraction in pseudophakic eyes,10,16,18,33 in some cases even to 

the level of young, healthy eyes or better,16,38 but that this is certainly not true for all pseudophakic 

eyes.1,2,10,16,18,69 Surgery or other unknown factors might play a role postoperatively in keeping 

straylight levels elevated, as well as opacification of the capsular bag or the IOL.1,10,16,18,33,69 Age-

related changes to the eye, such as age-related pigmentation changes or vitreous turbidity, may 

play a role as well.10,69 

The capsular bag helps in adequately centering the IOL in pseudophakic eyes. It envelops the 

posterior part of the IOL and a ring of anterior capsule usually partly covers the front part of the 

IOL, depending on the size of the capsulorhexis (the opening in the anterior lens capsule through 

which the cataract is extracted during the operation). After cataract extraction, both the posterior 

part (posterior capsule opacification; PCO; Figure 2.12) as the anterior part of the remaining 

capsular bag may opacify or contract with migration and proliferation of residual lens epithelial 

cells.33,63,70 Capsule opacification is common after cataract surgery and will decrease visual quality 

after cataract extraction.11,13,14,38,63,69-71 Although standard visual acuity measurement is of limited 

value in predicting loss of visual performance in patients with capsule opacification,11,13,14,38 

straylight measurement is very sensitive to the presence of central PCO.11 Increased light-

scatter values were found in eyes with PCO, despite relatively good visual acuity,11,13,14,38 and the 

straylight value was shown to be proportionate to the percentage of pupil area which is occupied 

by opacified lens capsule.69 

Figure 2.12 Posterior capsule opacification (PCO). (Left image: http://www.avclinic.com/yag_capsulotomy.
htm. Middle image: www.salemretina.com. Right image: http://webeye.ophth.uiowa.edu/eyeforum/atlas/
pages/posterior-capsular-opacity-PCO-following-cataract-surgery.html)
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Chapters 8, 9, 10 and 11 focus on the effect of opacification of the capsular bag on quality of 

vision after cataract extraction. Chapter 8 describes a clinical study in which is shown that an 

opacified anterior lens capsule contributes to elevated straylight levels after cataract extraction. 

The effect of capsulorhexis size and opacity on the amount of straylight is quantified, and an 

advice is given concerning minimum dimensions of the capsulorhexis which are needed to 

prevent straylight problems in twilight. 

Chapter 8: Contributions of the capsulorrhexis to straylight. van der Meulen IJ, Engelbrecht LA, 

Van Riet TC, Lapid-Gortzak R, Nieuwendaal CP, Mourits MP, van den Berg TJ. Arch Ophthalmol. 

2009;127:1290-1295. 

Figure 2.13 An Nd:YAG capsulotomy is the treatment of choice for posterior capsule opacification. With a 
laser a central opening is made in the opacified posterior capsule, clearing the visual axis. In the left lower 
image the slitlamp image is shown of PCO with retrograde illumination. In the right lower image the same 
eye is shown after Nd:YAG capsulotomy, with a central hole in the posterior capsule and a clear visual axis. 
(Upper image: http://www.avclinic.com/yag_capsulotomy.htm. Lower image: http://www.avclinic.com/yag_
capsulotomy.htm)
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Nd:YAG capsulotomy is the treatment of choice for posterior capsule opacification (Figure 

2.13).11,38,63,70,71 With a laser a central opening is made in the opacified posterior capsule, clearing the 

visual axis. The size of the posterior capsulotomy is important for the resulting visual performance 

after laser treatment.69 Previous studies have shown that after laser capsulotomy in most cases 

visual quality improves and the amount of forward light-scatter diminishes.13,38,69 In some cases 

no improvement or even deterioration in straylight is documented after Nd:YAG capsulotomy, 

but this could be caused by an insufficiently sized capsulotomy. Small capsulotomies were 

shown previously to have unsatisfactory effect on quality of vision.13,69 Although visual acuity may 

improve adequately with a small capsulotomy, straylight was shown not to improve as much or 

even to deteriorate and to remain significantly higher than in eyes with wide capsulotomies.13,69 

Capsule remnants or the capsulotomy border which remain visible in the pupil area could 

increase straylight after laser treatment, so it is advised to create a capsulotomy larger than the 

pupil diameter.69 

Chapter 9 illustrates the functional problems which may arise from a small capsulotomy by 

describing a patient with glare complaints and increased straylight due to the capsulotomy edges, 

which were visible in the pupil area. Straylight levels returned to normal and the complaints 

disappeared after widening the capsulotomy. 

Chapter 9: Alleviating debilitating photophobia and secondary exotropia caused by increased 

straylight by widening a small posterior capsulotomy. Lapid-Gortzak R, van der Meulen IJ, 

Nieuwendaal CP, van den Berg TJ. J Cataract Refract Surg. 2011;37:413-414.

lenticular light-scatter in-vitro

Previous studies have attempted to relate patients’ visual disability to the severity and extent 

of PCO14 or the morphological classification of capsule opacities.13 Clinically, 2 morphological 

types of PCO are recognized, the fibrosis type (which produces folds and wrinkles in the 

posterior capsule) and the pearl type.63 Variable PCO morphology may explain diverse effects 

on visual acuity and straylight, as fibrous plaques, Elschnig’s pearls and non-uniform clouding 

are supposed to cause different visual symptoms.13,69 Compact fibrosis which may appear to be 

clinically severely disturbing may be less harmful to visual functioning than more transparent 

areas with pearl formation, as these last areas will cause more intraocular forward light-scatter.14 

PCO is typically very heterogeneously distributed and its visual effect varies depending on the 

relation with the visual axis and pupil dilation.14 

In-vivo, retro-illumination cameras in combination with computer systems have been used to 

measure the percentage of PCO and analyze the texture.11,14,69 These images are compared to 

visual function tests, such as low contract visual acuity or straylight measurements.11,14,69 However, 



40

Chapter 2  

2

data on the effect of PCO morphology on straylight are limited.69 Clinical assessment remains 

problematic as PCO is evaluated with backscattered light, while the patient’s vision is degraded 

by forward scattered light, which leads to a poor correlation between the clinical appearance at 

the slitlamp and the patient’s visual symptoms.14,69 Images acquired by retro-illumination and 

backscattered-light  may overrate the visual impact of PCO.69 

As in-vivo light-scattering by the crystalline lens or IOL is difficult to separate from the visual 

influence of other ocular media, in-vitro studies are required to obtain a better understanding of 

the isolated light-scattering characteristics of the lens, the lens capsule or the IOL.4,24 An optical 

set-up was designed and validated to measure light-scatter of crystalline lenses,24,64,65,72 IOLs,4,71 

potential cataract-stimulating filters73,74 and spectacle lenses (Figure 2.14).75 With this set-up, 

a clear, monofocal IOL was shown to have a lower straylight value than a normal, transparent, 

healthy human crystalline lens, irrespective of its age.4 Clean spectacle lenses were shown to 

generate a clinically insignificant amount of straylight compared to the normal level of intraocular 

straylight.75 

Figure 2.14 Simplified drawing of validated in-vitro set-up for optical measurements of forward light-scatter 
from intraocular lenses (IOL).

This set-up was used to study and quantify the effect of lens capsules and opacified IOLs in-vitro. 

In chapters 10 and 11, the isolated light-scattering characteristics by opacified capsular bags 

were measured in-vitro and were compared to the specific morphology and severity of capsule 

opacification. Small-particle light-scattering was shown to be important in PCO, while PCO may 

also have a refractile component.

Chapter 10: Imaging of forward light-scatter by opacified posterior capsules isolated from 

pseudophakic donor eyes. Van Bree MC, van der Meulen IJ, Franssen L, Coppens JE, Reus NJ, Zijlmans 

BL, van den Berg TJ. Invest Ophthalmol Vis Sci. 2011;52:5587-5597. 
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Chapter 11: In-vitro recording of forward light-scatter by human lens capsules and different types of 

posterior capsule opacification. Van Bree MC, van der Meulen IJ, Franssen L, Coppens JE, Zijlmans BL, 

van den Berg TJ. Exp Eye Res. 2012;96:138-146.. 

lenticular light-scatter of opacified Iols 

Figure 2.15 Explanted opacified intraocular lens with a fine, pigmented deposit covering the central 
anterior part of the optic.

In pseudophakic eyes, the transparency of the implanted IOL has an important influence 

on postoperative quality of vision. IOL opacification may lead to severe visual impairment, 

such that it even justifies IOL explantation (Figure 2.15).19-23,76,76 However, it may be difficult to 

evaluate clinically the visual disturbance of an opacified IOL, as visual acuity may remain at a 

reasonable level despite severe subjective complaints of reduced visual quality, which may lead 

to under-detection and underestimation of the problem.19-23,76 In some patients visual acuity 

even diminished after explantation of the opacified IOL, while these patients rated postoperative 
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quality of vision better than before IOL explantation.22,76,77 Visual acuity measurement alone 

turns out to be an insufficient criterion to rely upon during preoperative decision making, and 

additional tests which measure other aspects of visual performance are necessary.19-23 Straylight 

measurements are particularly sensitive in documenting the visual effects of opacified IOLs.19

This can be explained by our findings in chapters 12 and 13. The optical set-up (Figure 2.14) offers 

an excellent opportunity to evaluate and isolate the visual effects of an opacified IOL in-vitro. 

In chapter 12 is shown that opacified IOLs lead to a severe increase in the amount of forward 

light-scatter, while having little effect on visual acuity. Chapter 13 describes the unique chance 

to link in-vitro optical measurements of light-scatter of an explanted IOL with in-vivo functional 

measurements of straylight. These measurements correlate exceedingly well. Chapters 12 and 

13 support the conclusion that straylight measurements are a useful addition to the surgical 

decision making process in case of a patient with subjective complaints and an opacified IOL. 

Chapter 12: Light-scattering characteristics of explanted opacified Aquasense intraocular lenses. Van 

der Meulen IJ, Porooshani H, van den Berg TJ. Br J Ophthalmol. 2009;93:830-832. Epub 2008. 

Chapter 13: Comparison of functional and optical straylight measurements of an opacified intraocular 

lens. Van der Meulen IJ, Nieuwendaal CP, Lapid-Gortzak R, van den Berg TJTP. Submitted.
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aBStraCt

Purpose

1) to quantify the effect of contact lens wear on straylight in rigid and soft contact lens wearers 

and 2) to relate findings to morphological changes and subjective complaints. 

methods

Straylight was measured using the Oculus C-Quant during contact lens wear and after contact 

lens removal in 30 rigid contact lens wearers and 30 soft contact lens wearers. Semi-quantitative 

(0-4) slitlamp grading of anterior segment changes using Efron grading scales and contact lens 

characteristics were performed. Subjects answered a straylight questionnaire. 

results

Soft contact lens wearers had a mean straylight of log(s) = 0.934 during contact lens wear and 

after contact lens removal (comparable to log(s) = 0.938 of age-matched normal eyes). Rigid 

contact lens wearers had a mean straylight during contact lens wear of log(s) = 1.167. After 

contact lens removal, log(s) significantly decreased to 0.997 (P < 0.01). Straylight values with rigid 

contact lenses were strongly increased (P < 0.001) compared with age-matched normal eyes; after 

contact lens removal, these values decreased but remained elevated. Straylight in rigid contact 

lens wearers correlated with the amount of deposits on the contact lens (P < 0.01) but not with 

other variables of the contact lens score. The questionnaire showed more straylight complaints in 

rigid contact lens wearers than in soft contact lens wearers (P < 0.01).

Conclusion

Rigid contact lens wear leads to increased straylight during contact lens wear and after contact 

lens removal. This may be because of subclinical effects of contact lens wear on the cornea and is 

not seen in soft contact lens wearers. 
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INtroDuCtIoN 

Glare disability can be a problem among contact lens wearers.1-4 Straylight is the known source of 

disability glare and is assumed to be caused by the cornea for 1/3, by the lens for 1/3 and by sclera 

and retina for 1/3 in young healthy eyes.5 Contact lenses may influence this process by mechanical 

effects on corneal structures and disturbance of normal corneal physiology, which can lead to 

(sub)clinical corneal edema in early stages of contact lens wear and after lens adaptation.6,7 The 

resulting loss of corneal transparency may cause increased corneal light-scattering and thus 

straylight, being the functional result of light-scattering in the optical media.8 An effect of the 

contact lens itself on the amount of straylight could also be present because rigid lens material, 

size, or fit might affect intraocular light-scatter in rigid contact lens wearers.1,9 The present article 

focuses on the occurrence of contact lens-related straylight problems in present-day habitual 

contact lens wearers.

Although previous studies show a potential influence of contact lens wear on quality of vision, 

variable and sometimes confusing or contradictory results are presented.  In a study on five 

hydrogel lens wearers using a two-channel tachistoscope with separate point glare source, 

significant contact lens-induced increase in glare-related visual disability was found in all cases.3 

However, a subsequent study using the same apparatus on 15 subjects confused the authors by 

demonstrating an increase, no difference, or a decrease in disability glare during hydrogel contact 

lens wear.4 Lohmann et al2 measured forward scattered light with a computerized technique, 

which generated a series of concentric annuli on a video graphics display, based on the direct 

compensation method of van den Berg. Ten hydrophilic lens wearers and five rigid lens wearers 

were included. Forward light-scatter was increased considerably in hydrophilic contact lens 

wearers but remained close to normal values for rigid lens wearers. Several wearers of soft contact 

lenses had decreased low-contrast visual acuity and contrast sensitivity as well.2 Other studies 

have used the direct compensation method without modifications to measure the amount of 

straylight.1,9,10 In hydrophilic lens wearers, slightly increased light-scatter scores were found after 

contact lens removal.1,9 Rigid contact lens wearers showed increased light-scatter scores during 

contact lens wear, which normalized after contact lens removal.1,9 A study by Nio presented data 

on 8 subjects with low myopia wearing soft contact lenses and 7 subjects with high myopia 

wearing rigid contact lenses. Both groups had increased straylight values during contact lens 

wear.10 These relatively old studies were handicapped by smaller numbers of subjects, the use 

of older contact lens types and older versions of glare testers or straylight meter.1-4,9,10 Previous 

types of glare testers often provided unreliable results with poor repeatability or inadequate 

discriminative ability to detect small but significant changes in light-scattering, as can be 

expected with contact lens wearers.11 Subject bias and learning effects could not be excluded.11
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Contact lenses are frequently used to correct refractive disorders; their effect on quality of vision 

is therefore an important health care issue and needs to be documented in a reliable way.  Also 

in refractive surgery, preoperative quality of vision denominators are important in evaluating 

treatment effect. Because many candidates for refractive surgery are contact lens wearers, this 

study bears relevance to the above issue. The recently developed Oculus C-Quant is an accurate 

and clinically useful instrument, which is able to objectively measure the amount of intraocular 

scattered light. This approach gives highly repeatable results for untrained subjects over a wide 

range of straylight values.11,12 Previous studies have shown that there is no learning process 

involved in repeated measurements.12 The purpose of this study was to clarify and quantify effects 

of contact lenses on quality of vision by 1) including a larger sample than has been included thus 

far of rigid and soft contact lens wearers without other ocular pathology, 2) measuring straylight 

without bias using the C-Quant, 3) investigating the relation between straylight and anterior eye 

segment changes by documenting tissue responses to contact lens wear with the Efron grading 

scales,13,14 and 4) documenting subjective complaints of contact lens wearers using a straylight 

questionnaire.

materIalS aND methoDS

Thirty volunteers wearing rigid gas permeable contact lenses and thirty volunteers wearing 

soft contact lenses were included in the study. Because all rigid contact lenses prescribed 

today are gas permeable, these contact lenses will be referred to as rigid contact lenses 

throughout this article. Contact lens material and size represented a (random) selection of 

contact lenses used by people living and working around Amsterdam. Ninety percent of soft 

contact lens wearers used monthly disposable soft contact lenses. All soft contact lenses 

had diameters between 14.0 and 14.5 mm. Water content in the soft contact lens group 

ranged from low to high water content, with oxygen permeability (Dk) varying between 

5-10 and 30. Mean age of rigid contact lenses was 1.4 years (standard deviation 0.9 years,  

range 0.6 to 3.4 years) at the time of measurement. Several other aspects of these rigid 

contact lenses were taken into consideration separately in the contact lens score, which is 

explained below. Mean diameter of the rigid contact lenses was between 9.0 and 10.0 mm. 

All subjects had visual acuity of at least 6/7.5 and no ocular or systemic pathology.  Both eyes of all 

patients were included. All subjects were established contact lens wearers of at least six months 

and most of them habitual wearers. The study was performed according to the Declaration of 

Helsinki and gained approval from the Medical Ethical Committee of the Academic Medical 

Center in Amsterdam, the Netherlands. After purpose and nature of the study were explained, a 

signed consent form was obtained from each participant.  

All subjects answered a questionnaire concerning subjective complaints of dry eyes and 

contact lens type, age, and handling characteristics. The questionnaire included five questions 
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specifically regarding straylight complaints during contact lens use, which was created based 

on clinical practice. (Table 3.1) While subjects were wearing their contact lenses, visual acuity 

and straylight measurements were performed for each eye separately. A semi-quantitative (0-

4) slitlamp grading of contact lens movement, diameter, wetting, deposits, damage, central 

fluorescein image (rigid lenses), peripheral clearance (rigid lenses), and keratometer image (soft 

lenses) was recorded by the contact lens practitioner. Immediately after contact lens removal, 

straylight measurements were repeated and corneal pachymetry was registered. Best-corrected 

visual acuity with glasses was determined. Behind the slitlamp, grading of contact lens-related 

complications of the anterior segment of the eye was performed using the Efron grading scale.13,14

Table 3.1 Straylight questionnaire. 

Straylight questionnaire

Do you have difficulty seeing what is ahead of you when you drive into a tunnel during the daytime?

Do you have difficulty seeing what is ahead of you when an oncoming car has bright headlights on at 
night?

Do you have difficulty seeing what is ahead of you when a low sun is shining in your eyes during the 
daytime?

Did you stop driving a car because of the above-mentioned problems?

Do you have trouble recognizing faces against the light?

Subjects answered these questions with a grading of 0 to 5, where 0 indicated most complaints and 5 no 
complaints at all. 

In fifteen soft contact lens wearers, the measurements were repeated 1 hour after contact lens 

removal. Fourteen of these subjects had repeated measurements 2 hours later and 3 subjects 24 

hours after contact lens removal. Twelve rigid contact lens wearers were rechecked after 1 hour, 9 

of them after 3 hours, and 2 after 24 hours. Deposits on the contact lens or contact lens size were 

expected to influence the amount of straylight, especially in rigid contact lens wearers. In three 

rigid contact lens wearers, straylight measurements were performed 1) with the subject’s own 

rigid contact lenses, followed by 2) with brand new rigid lenses with the same diameter, and 3) 

with brand new rigid lenses with a large diameter (12.0 mm). 

Visual acuity was determined with the Early Treatment of Diabetic Retinopathy Study chart 

(which measures logarithm of minimum angle of resolution acuity), according to the modified 

Early Treatment of Diabetic Retinopathy Study protocol.15 Corneal pachymetry was measured 

using a scanning slit topography by a noncontact pachymeter (Orbscan II; Bausch & Lomb), 

which automatically detected the thinnest value. Earlier studies have shown the reliability 

and usefulness of this system in corneal research and clinical settings.16 Functional forward 

light-scatter was objectified using the Oculus C-Quant, developed by van den Berg17,18 and 

according to previously reported techniques.11 The measurement is based on the psychophysical 
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“compensation comparison” technique. In short, the compensation comparison method works 

as follows: the subject looks at a central test field subdivided in two halves, one with and one 

without counterphase compensation light. A flickering ring surrounds this test field. Intraocular 

light-scattering causes part of the flickering light from this ring to reach the center of the retinal 

projection of this ring. The subject perceives this as (faint) flickering in the central test field. The 

added counterphase compensation light can silence this flickering and causes a difference in 

modulation between the two halves of the central test field. The subject’s task is a forced choice 

comparison to identify which half shows the strongest flicker. A psychometrical response curve 

is computed from the subject’s responses. Values are expressed as the logarithmic value of the 

straylight parameter, log(s). Higher log(s) values indicate more straylight and more sensitivity to 

glare. In the healthy aging eye, straylight values increase with age mostly because of lenticular 

changes. Under 40 years of age, a normal value for log(s) is 0.9.19 This value increases to log(s) 

= 1.2 at age 65, which corresponds to a doubling in the amount of straylight.19 For the correct 

interpretation of straylight values, the age effect has to be taken into consideration. The same 

instrument was used for all straylight measurements under the same ambient conditions. The 

technique gives a reliability control by means of the expected standard deviation or ESD. Only 

reliable measurements defined as ESD <0.1 log units were included, resulting in actual repeated 

measures standard deviations of around 0.07 log units. Each eye was measured twice, and results 

were averaged. To check whether a learning effect occurs with repeated straylight measurements, 

results of second measurements were compared with those of first measurements. Straylight 

values of contact lens wearers were compared with a control group of healthy eyes measured 

with the same instrument. The increase of straylight values with age in this group was comparable 

to previously published results after correction of the age effects (mean log(s) = 0.938).19 Results 

on the contact lens wearers will also be presented after correction of the age effects. The Efron 

grading scale is designed to provide a simple and convenient means to record the severity of 

anterior segment complications of contact lens use behind the slitlamp.13 Common complications 

are depicted by artist-rendered full colour images, in five stages of increasing severity – from 

grade 0 (normal) to grade 4 (severe). The contact lens complications shown in the Efron grading 

scale are: conjunctival redness, limbal redness, corneal neovascularisation, epithelial microcysts, 

corneal edema, corneal staining, conjunctival staining, papillary conjunctivitis, blepharitis, 

meibomian gland dysfunction, superior limbic keratoconjunctivitis, corneal infiltrates, corneal 

ulceration, endothelial polymegathism, endothelial blebs, and corneal distortion. The clinical 

use and validation of this grading scale has been described in detail previously.13,14 In this study, 

straylight was compared with the separate scores of the corneal complications. These were 

expected to have the largest influence on straylight changes. We also compared straylight with 

the total score of all graded complications of the Efron grading scale. 
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We used custom software (SPSS version 12.0) to process raw data. To determine whether there 

was a significant difference in straylight between the two groups with and without wearing their 

contact lenses, we used a paired t-test. Correlations were calculated with the bivariate Pearson 

method.

reSultS

Mean age of soft contact lens wearers was 31.7 years (range 21 – 57 years) and of rigid contact 

lens wearers 37.7 years (range 18 – 60 years). Straylight increases with age mainly because of 

physiological aging of the human lens. For our statistical data analysis, we used the straylight 

measurements corrected for the age effect. 

Soft contact lens wearers had a mean straylight of log(s) = 0.934 while wearing their contact lenses. 

(Figure 3.1) The change in log(s) after contact lens removal was virtually zero, so no significant 

change in straylight occurred immediately after contact lens removal or during any of the periods 

in which testing took place (1, 3, and 24 hours after contact lens removal) (Table 3.2). Straylight 

values with and without contact lenses were largely within 95% confidence limits of age-matched 

normal eyes. Mean corneal pachymetry after contact lens removal was 546 µm (range 484 – 622 

µm), mean contact lens score was 0.30 (range 0 – 1.14) and mean Efron grading was 0.28 (range 

0.02 – 0.75). All values were normal, and no correlation with the amount of straylight was found. 

 

0.40

0.70

1.00

1.30

1.60

1.90

2.20

2.50

10 20 30 40 50 60 70 80 90

age (years)

st
ra

yl
ig

ht
 lo

g(
s)

Figure 3.1 Straylight values of soft contact lens wearers while wearing (■) the contact lenses and after 
removal (x). Age-normal straylight values and 95% confidence interval are shown.
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In the rigid contact lens group, mean straylight while wearing contact lenses was log(s) = 1.167 

(Figure 3.2; Table 3.2).  After removal of contact lenses, log(s) became 0.997, which was a significant 

decrease in straylight (P<0.01). Later measurements (1, 3, and 24 hours after contact lens removal) 

showed no significant subsequent changes in straylight. Straylight values with rigid contact 

lenses were strongly increased (P<0.001) compared with age-matched normal eyes; after contact 

lens removal these values decreased but remained elevated compared with age-matched normal 

eyes (Table 3.2). Mean corneal pachymetry after contact lens removal was 531 µm (range 429 – 

617 µm), and mean Efron grading was 0.31 (range 0.02 – 0.73). These values were normal, and no 

correlation with straylight was found. Mean contact lens score was 0.60 (range 0 – 1.75). Straylight 

values of rigid contact lens wearers did show a correlation with part of the contact lens score 

(amount of deposits on the contact lens, P < 0.01) but not with other variables of the contact lens 

score (Figure 3.3). Figure 3.3 shows the correlation of straylight values with amount of deposits 

on the contact lens in rigid and soft contact lens wearers. In Figure 3.3, one participant can be 

found with a deposit score of zero but nevertheless a very high straylight value. This was the only 

subject in the population with an extreme score on one of the other parts of the contactlens score 

(a very poor contact lens fit), which explained the elevated straylight value. Both large diameter 

(12.0mm) rigid contact lenses and new rigid contact lenses (without deposits) did not result in a 

decrease in straylight value, compared with normal diameter (9.3-9.6 mm) rigid contact lenses 

(1-sided paired t-test P>0.2; n = 6).

Mean scores on the Efron grading scales were very low in both groups (Table 3.3). Special 

attention was given to the scores of corneal complications because these were supposed to 

influence straylight the most. 

Table 3.2 Straylight values in subjects while wearing hydrophilic or rigid contact lenses and after removal. 

average 
straylight (SD)

During contact 
lens wear

after contact 
lens removal 

t-test during contact 
lens wear (n = 30)

 t-test after contact 
lens removal (n = 30)

Soft contact 
lens 

0.934 (0.107) 0.934 (0.096) P = 0.41 P = 0.41

Rigid contact 
lens 

1.167 (0.237) 0.997 (0.126) P < 0.001 P = 0.013

The one sided t-test compares mean straylight values of both eyes of 30 contact lens wearers during contact 
lens wear or after contact lens removal with the age-matched normal value (without contact lenses), log(s) = 
0.938.  Mean straylight value of both eyes of a contact lens wearer was determined as follows: during contact 
lens wear: (log(s) with contact lens in left eye + log(s) with contact lens in right eye)/2) and after contact lens 
removal: (log(s) without contact lens in left eye + log(s) without contact lens in right eye)/2). SD = standard 
deviation
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Figure 3.2 Straylight values of rigid contact lens wearers while wearing (■) the contact lenses and after 
removal (x).  Age-normal straylight values and 95% confidence interval are shown.
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Virtually, no differences existed on average between first and second straylight measurements, so 

a learning effect could be excluded (average differences: -0.009 during contact lens wear, -0.016 

after contact lens removal, -0.014 control subjects) (Figure 3.4). From the same data, repeated 

measures standard deviations were determined. For hydrophilic contact lens wearers, repeated 

measures standard deviation was 0.068 both during contact lens wear and after removal. For 

rigid contact lens wearers, repeated measures standard deviation was 0.095 while wearing their 

contact lenses and 0.057 after contact lens removal. 

Table 3.3 Scores on the Efron grading scales for various contact lens-related anterior segment complications 
of all included contact lens wearers.

Complication mean range

Corneal stromal edema 0.26 0 - 2.5

Corneal staining 0.63 0 - 3

Epithelial microcysts 0.03 0 -1.3

Superior limbic keratoconjunctivitis 0.15 0 – 1.6

Corneal infiltrates 0 0

Total score 0.30 0.02 – 0.75
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When the outcomes of the questionnaires were compared between rigid lens wearers and soft 

contact lens wearers, subjective straylight complaints as documented by the questionnaire were 

significantly higher in the rigid contact lens wearers than in the soft contact lens wearers (P < 

0.01). Participants with subjective dry eyes also had significantly higher straylight values (P = 

0.014). When the results of all straylight values of all contact lens wearers were compared with all 

outcomes of the questionnaire of all contact lens wearers, straylight values showed a weak but 

non-significant correlation with the straylight questionnaire. During contact lens wear, r = 0.17 (P 

= 0.10; n = 60). After removal of contact lenses, correlation was understandably even less, r = 0.04 

(P = 0.40; n = 60).

DISCuSSIoN

Contact lens wear may lead to chronic hypoxia, tear film instability, allergy, toxicity, inflammation, 

infection and desiccation.6 Some of these ocular surface effects can be expected to influence 

quality of vision. Straylight is caused for approximately 1/3 by the cornea in young, healthy 

eyes and is more sensitive to small corneal changes than visual acuity.2,5,7,20 A clinical application 

of straylight measurement is to diagnose patients with complaints, even when visual acuity 

is completely normal.19,20 This makes this technique suitable to evaluate visual functioning 

in contact lens wearers. Considering the high prevalence of contact lens wear worldwide, the 

effect of contact lenses on quality of vision needs to be known. It is also essential to be able to 

compare contact lens effects with the performance of other currently available forms of refractive 

corrections. 

Straylight measurement is an accurate, sensitive and clinically useful tool to document the effects 

on visual functioning of slight corneal changes because of long-term contact lens wear.7 As shown 

in Figure 3.4, a learning effect can be excluded with the new technology because the first and 

second straylight measurements are on average very close. An interesting side observation can 

be noted. The repeated measures standard deviation (0.095) among rigid contact lens wearers 

during contact lens wear is clearly higher compared with the other values, showing normal good 

reproducibility (0.057 and 0.068).12,19 Speculatively, this might be explained by movements of 

rigid contact lenses, during wear. These movements might cause different parts of the contact 

lens to influence quality of vision during repeated measurements, that is, variations in the amount 

of deposits of the contact lens, which become visible at the location of the pupillary opening 

through movements of the contact lens. 

In our study, soft contact lenses did not influence straylight values at all and showed in this 

respect better optical performance than rigid contact lenses. Both during contact lens wear and 

after contact lens removal, straylight values were comparable to those found in age-matched 
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individuals. This matches the findings of Applegate and Jones, who, on average, reported no 

significant hydrogel contact lens-induced disability glare effects.4 However, Applegate and 

Jones suggested that approximately 40% of the population of hydrogel contact lens wearers 

do experience a significant increase in disability glare and that different contact lens materials, 

cleaning procedures, and wearing conditions can influence induced glare effects.4 In other 

studies, increased straylight values have been found among subjects with soft hydrogel contact 

lenses.2,10 Spectacles, rigid contact lenses, Intacs, Artisan claw lens implantation, laser in situ 

keratomileusis, and photorefractive keratectomy were reported to perform superiorly, compared 

with soft contact lenses regarding low-contrast visual acuity and forward light-scatter.2,10 

However, there may be limiting and possibly confounding factors in these studies, such as small 

numbers of participants, older contact lens types, and perhaps learning effects made possible by 

older technology. 

In our study, rigid contact lens wearers had significantly increased straylight values on average 

while wearing their contact lenses but the variation was large. After contact lens removal, 

straylight values drastically decreased in this population but remained slightly elevated as 

opposed to normal eyes for 24 hours after contact lens removal. Elliott also found more contact 

lens-induced straylight by rigid contact lenses than by soft hydrogel contact lenses.1 However, 

in this study, no difference with normal straylight values after contact lens removal was found.1 

In our study, participants wearing rigid contact lenses obtained a significantly higher score than 

soft contact lens wearers on a questionnaire, which scored subjective straylight discomfort.  

Nonetheless, when testing the relationship between the questionnaire outcome and straylight 

values in all contact lens wearers during contact lens wear, the correlation was low (r = 0.17; P 

= 0.10), and it was even less after contact lens removal (r = 0.04; P = 0.17), as can be expected. A 

speculative explanation for this weakness of correlation could be that contact lens wearers are 

in general in control over the visual effects of their contact lenses. It may be assumed to be a 

conscious choice to accept visual effects of (dirty) contact lenses because advantages of contact 

lens wear outweigh possible inconveniences.

The increased straylight that was found in rigid contact lens wearers and the strong decrease after 

contact lens removal seems to be related to deposits on rigid contact lenses. In rigid contact lens 

wearers, poor cleaning regimens and aged lenses often result in deposits on the lens, in particular 

proteins.2  Elliott could not find any influence of lens deposits on light-scatter scores, in contrast 

to what was expected and our results.1,9 Lohman et al2 did find an influence of lens deposits, 

resulting in loss of low-contrast visual acuity. Nevertheless, it was concluded that on hard lenses 

extensive deposits were needed to be of sufficient magnitude to create considerable increases 

in scatter.1,2 This could also be concluded from our experiments with replacements of patients’ 
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own contact lenses with brand new contact lenses, which did not lead to a significant reduction 

in straylight. The lack of effect could be because of an insufficient amount of deposits on the 

patients’ own rigid contact lenses.  Increased straylight might also be attributed to direct effects 

of the contact lens itself. Elliott et al suggests that increased light-scatter in rigid lens wearers may 

be because of rigid lens material, possible edge effects because of the small lens diameter and an 

increase in lens/tear surface boundaries when wearing rigid lenses.1 In our study, we were able to 

show that changes in the diameter of the rigid contact lens did not lead to a significant decrease 

in the amount of straylight.

The slightly increased straylight values that continued to exist even 24 hours after rigid contact 

lens removal could not be linked to visible changes in the anterior segment. Efron grading 

showed only minor anterior segment changes and hardly any contact lens-related complications 

(Table 3.3). These grading scales are a validated instrument to document clinically relevant 

contact lens-related ocular changes.14 Our findings suggest that straylight measurements could 

be an indicator of subclinical changes in the anterior segment because of contact lens wear. It 

has been suggested that straylight primarily reflects changes in the corneal epithelium caused by 

the contact lens.7 Corneal epithelial edema is supposed to cause a large increase in forward light-

scatter and is considered to be visually disabling.7,9  Because epithelial changes tend to produce 

more forward light-scatter than back-scattered light, such changes may not be visible at the 

slitlamp; in consequence, the straylight meter may be more sensitive to epithelial changes than 

the slitlamp.7 More powerful anterior segment imaging techniques, such as the anterior segment 

optical coherence tomography (OCT) or corneal confocal microscopy, might be necessary 

to detect such changes. These effects may occur to a lesser extent with stromal edema.7,9 The 

straylight meter shows increased forward light-scatter purely because of stromal swelling to 

occur only if stromal thickness is substantially increased.7,8 Significant light-scatter change from 

stromal edema was reported to arise when the edema reaches about 10% or more.7  

Our study shows that it is difficult to document clinically visible changes in the cornea because 

of contact lens wear, even when using a validated grading scale designed to detect these 

complications. Anterior segment alterations probably only become visible relatively late, which 

makes it hard to relate these changes to differences in straylight values or subjective complaints 

of decreased quality of vision. This was also found in a previous study by Elliott et al, in which 

none of the hydrogel lens wearers showed any signs of corneal edema as assessed by slitlamp 

examination.1 After contact lens removal, however, several hydrophilic contact lens wearers had 

elevated straylight scores, possibly because of subclinical corneal edema.1 In a study by Lohman 

et al,2 virtually no backward scatter was measured in soft contact lens wearers but several subjects 

had considerable problems with forward light-scatter. In contact lens wearers, small changes in 
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hydration levels or tear film quality seemed to result in major changes in low-contrast visual 

acuity.2 Many different approaches have been used in previous studies to estimate loss of corneal 

transparency, for example, slitlamp photography, high-frequency ultrasound, Scheimpflug 

photography, confocal microscopy, and OCT.8 However, none of these are commonly used 

clinically and none seem very useful in explaining or documenting the underlying corneal 

processes, which cause increased straylight.8 Further research is necessary to understand the 

effects of contact lens wear on the cornea and the influences of these anterior segment changes 

on straylight and quality of vision.

CoNCluSIoNS

Today, various options exist for correction of refractive anomalies, each with its own profile in 

visual acuity, straylight, wavefront aberration, and contrast sensitivity.10 Because contact lenses 

are widely used, often in young healthy eyes, it is imperative to know the effects of contact lenses 

on quality of vision. Straylight measurements are an objective way to document quality of vision 

and more sensitive to early changes in corneal microstructure than visual acuity or slitlamp 

examination. Our study showed that present-day soft hydrogel contact lenses do not increase 

straylight values and have a better optical performance than rigid contact lenses. Rigid lens 

wearers have on average significantly increased straylight values while wearing their contact 

lenses, partly related to lens deposits. After contact lens removal, straylight does not return to 

base level. This may be because of subclinical corneal changes because slitlamp examination 

hardly showed anterior segment alterations in these long-term contact lens wearers.  Although 

rigid contact lens wearers have more subjective straylight complaints, acceptance of visual 

effects of contact lenses seems high. 
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aBStraCt

In 3 eyes with epithelial ingrowth after laser in situ keratomileusis, straylight was measured 

before and after the ingrowth was removed. In 2 eyes of 1 patient, epithelial ingrowth reached 

the pupillary axis. Straylight decreased (improved) significantly after ingrowth removal: a 3.6-

fold decrease in the right eye and a 10-fold decrease in the left eye. The uncorrected distance 

visual acuity (UDVA) improved from 0.25 (20/80) in both eyes to 1.0 (20/20) and 0.8 (20/25), 

respectively. In 1 eye of another patient, from which epithelial ingrowth was removed to prevent 

flap melting and distortion, the pupillary opening was not obscured and no significant change in 

straylight was found. The UDVA improved from 0.32 (20/60) to 1.0 (20/20) after the ingrowth was 

removed. An increase in straylight can be a significant complication of epithelial ingrowth. After 

the interlamellar space is cleared, the improvement in straylight is several factors larger than the 

gain in UDVA.
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Epithelial ingrowth is a well-known complication of lamellar corneal surgery. It occurs in 1% to 

20% of laser in situ keratomileusis (LASIK) procedures.1,2 Most epithelial ingrowth is self-limited 

and has no or minimal consequences on visual acuity. In 1% to 1.7% of cases, it is more persistent 

and extensive and may reach the visual axis or lift the flap and cause irregular astigmatism and 

flap melting.1–3 Visual acuity is usually compromised in these cases. The ingrowth has to be 

surgically removed to preserve the corneal integrity and improve visual acuity.

Straylight corresponds to the light that enters the eye but does not reach the retina in a focused 

manner. It forms a veil of light that is scattered over the retina by intraocular structures such as 

the cornea, lens, iris, and other intraocular media.4 Straylight is a parameter of quality of vision. It 

describes disability glare from light sources. This parameter often correlates well with complaints 

about quality of vision after refractive surgery procedures, even if visual acuity is 1.0 (20/20) or 

better.5–7

The C-Quant straylight meter (Oculus Optikgeraete GmbH) measures straylight in an objective 

but functional manner.8 It provides direct information about optical imperfections as the cause 

of glare disability. Glare disability is the reduction in visual performance caused by a glare source, 

which causes retinal contrast degradation secondary to intraocular straylight. The most common 

example is an oncoming headlight as a glare source, causing a contrast loss that leads to the 

patient not able to see an object (such as a car) in front of her or him. The C-Quant determines 

straylight according to the internationally accepted definition (Commission Internationale 

d’Eclairage [CIE]). Straylight is a functional measure of the effect of light spreading over the retina, 

introduced as the CIE definition for “disability glare.” The amount of straylight is expressed as 

straylight parameter s. We studied the effect of removing interlamellar epithelial ingrowth on 

quality of vision as determined by straylight values.4,6,9–12 

methoDS

In this prospective case series of 3 treated eyes, the tenets of the Helsinki Agreement were adhered 

to. After informed consent was given, the clinically significant epithelial ingrowth in post-LASIK 

eyes were treated. Topical anesthesia was applied using oxybupivacaine and tetracaine eyedrops 

3 times at 5-minute intervals. The eyes were swabbed with povidone–iodine 5% solution, which 

was also instilled in the fornices for 2 minutes. The eyes and lashes were draped with tape. Using 

a blunt instrument, the epithelium was removed 2.0 mm from the central and peripheral edge of 

the LASIK flap to 2.0 mm beyond the edge of the ingrowth radially. The flap was then lifted with 

a blunt forceps. The epithelial ingrowth was removed in one movement from the stromal bed or 

the underside of the LASIK flap using a forceps. Remnants were identified and removed. Alcohol 
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20% was applied to the stromal interlamellar surface, which was then rinsed with balanced salt 

solution (BSS).

The LASIK flap was irrigated and replaced, and the flap edges were replaced using slight pressure 

from Weck-Cel spears (Medtronic Xomed, Inc.). The flap was allowed to adhere for 2 to 3 minutes 

while BSS drops were instilled on top of the flap. Fibrin glue was then applied at the flap edge, 

covering the central and peripheral flap edge. The glue was allowed to dry for several minutes. 

The extent of the glue was checked with a spear; where necessary, excess glue was removed 

with a Vannas scissors. A bandage soft contact lens soaked in gentamicin 0.4% was placed on 

the cornea.

Postoperatively, the patients received preservative-free chloramphenicol 0.4% and prednisolone 

0.5% eyedrops hourly for the first 24 hours and an oral analgesic agent. The drops were tapered 

over subsequent days. The bandage contact lens was removed on postoperative day 7 in both 

cases.

Straylight was measured in undilated pupils with the C-Quant straylight meter as part of the 

perioperative protocol. Internal quality parameters of reliability expected standard deviation and 

quality had to be lower than 0.08 and higher than 0.5, respectively.

CaSe rePortS

Case 1

A 52-year-old woman presented with complaints of gradual visual loss and foreign-body 

sensation in both eyes. She had had LASIK for myopia in the Dominican Republic 3 years 

previously but could not provide the preoperative and postoperative refractions and visual 

acuity measurements.

Right Eye

At presentation, the uncorrected distance visual acuity (UDVA) was 0.25 (20/80) and the corrected 

distance visual acuity (CDVA) was 0.63 (20/30) with a refraction of plano −2.00 × 145. Slitlamp 

examination revealed epithelial ingrowth laterally in the flap with a communicating channel that 

was visible with fluorescein staining. Otherwise, the ocular examination was normal. A decision 

to remove the epithelial ingrowth was made because of the complaint of visual loss and the 

communication with the interlamellar space, although this was not extensive. One procedure 

sufficed. The UDVA and CDVA gradually improved, with clear corneal flaps and no recurrence of 

the ingrowth after 10 weeks (Table 4.1).
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Straylight was very high at intake but improved after epithelial removal (Table 4.1); at 6 months, 

the improvement factor was 3.6. The 6-month value was slightly higher than normal levels for the 

patient’s age.

Left Eye

At presentation, the UDVA was 0.25 (20/80) and the CDVA was 0.63 (20/30) with a refraction of 

plano −3.00 × 60. Slitlamp examination showed a dense plaque of ingrowth in the interlamellar 

space of the LASIK flap. The ingrowth was dense and looked persistent, lacking the characteristic 

bubbly appearance of epithelial cysts. The ingrowth encroached on the visual axis (Figure 4.1). 

The extent and density of the ingrowth, which clearly caused the visual complaints, were the 

indications for removal. The ingrowth proved persistent. On postoperative day 3, the patient 

removed the bandage contact lens and rubbed her eye. This may have played a role in the 

recurrence that occurred subsequently. Two more procedures were needed to halt the process. 

Five months after the third procedure, the UDVA and CDVA had improved and the cornea was 

clear with a clear interface. At the interface, an “imprint” of where the ingrowth plaque had been 

could be discerned but no ingrowth was left (Figure 4.2). Straylight improved from preoperatively 

to 6 months, an improvement factor of 10. The 6-month value was within the normal range for 

this age.

Case 2

A 48-year-old woman presented with a residual refractive error of −3.50 −1.00 × 130 in the right 

eye, which had had LASIK for myopia in 2002. The refraction had been stable for 3 years. Slow 

regression had stabilized at a UDVA of 0.4 (20/55) and a CDVA of 1.0 (20/20) with a correction of 

−1.25 −0.75 × 179. The flap in the right eye was lifted and an ablation performed for the above 

correction. One day postoperatively, the UDVA was 0.8 (20/25); at 1 week, it was 1.0 (20/20) and the 

Table 4.1 Case 1: Changes in visual acuity, refraction, and log(s) in both eyes from before epithelial ingrowth 
removal to 6 months postoperatively. 

right 
eye

left 
eye

Date UDVA CDVA Refraction Log(s) UDVA CDVA Refraction Log(s)

Intake 0.25 0.63 Plano -2.00 x 145 1.82 0.25 0.63 Plano -3.00 x 60 2.05

Postop (mo)

3 0.8 0.8 Plano 1.36 0.8 0.8 Plano -0.50 x 6 1.57

6 1.0 1.0 Plano 1.26 0.8 0.8 Plano -0.50 x 6 1.06

CDVA = corrected distance visual acuity; UDVA = uncorrected distance visual acuity
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Figure 4.2 Case 1, left eye: At 6 months, interface and flap edges are clean.

Figure 4.1 Case 1, left eye: Preoperative image of the epithelial ingrowth shows encroachment on the pupil. 
The photograph is underexposed as the glare disability made it difficult for the patient to cooperate.
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CDVA was 1.25 (20/15) with a correction of +0.75 −0.50 × 20. At 1 month, the patient complained 

of worse vision. The UDVA was 0.32 (20/60), and the CDVA was 1.3 (20/17) with a refraction of 

+1.75 sphere. Epithelial ingrowth up to 2.0 mm from the periphery of the flap and flap striae 

were seen at the inferior aspect of the flap. The epithelial ingrowth was removed because of 

progression, decreased UDVA, and the onset of flap melting peripherally. The pupillary axis and 

its overlying cornea were not affected. The surgical procedure was identical to that described. 

Postoperatively, visual acuity improved gradually (Table 4.2). The patient is satisfied with the 

result in the right eye. Although the myopic LASIK treatment in the left eye also regressed, she 

is happy with monovision. The refraction in the left eye is −1.25 −0.5 × 174 with a CDVA of 1.0 

(20/20); the uncorrected near visual acuity is 1.0 (20/20). 

Table 4.2 Case 2: Change in visual acuity, refraction, and log(s) from before the enhancement procedure to 
5 months after epithelial ingrowth removal.

Date uDVa CDVa refraction log(s)

Before enhancement 0.4 (20/55) 1.0 (20/20) 1.25 -0.75 x 180 0.85
0.92

Before ingrowth removal 0.32 (20/60) 1.3 (20/17) +1.75 1.13

After ingrowth removal

6 weeks 0.9 (20/22) 1.13
1.18

5 months 1.0 (20/20) 1.1 (20/18) +0.75 1.09
1.09

CDVA = corrected distance visual acuity; UDVA = uncorrected distance visual acuity

Straylight measurement was repeated once at each examination. Table 4.2 shows the log (s) values 

before retreatment of the residual myopia, immediately before epithelial ingrowth removal, and 

6 weeks and 5 months after ingrowth removal. 

DISCuSSIoN

Epithelial ingrowth is a phenomenon encountered in 1% to 20% of LASIK procedures. Most lesions 

are self-limited and may disappear with time. Some need surgical intervention. The indications 

for surgical intervention are a communicating channel that persists (a fistula), melting of the 

LASIK flap, irregular astigmatism with loss of visual acuity, and obscuration of the visual axis.2,3

In the 3 eyes presented, removal of epithelial ingrowth improved UDVA significantly and CDVA 

to a small extent. Straylight behaved quite differently. In the 2 eyes with ingrowth reaching the 
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pupillary axis (Case 1), straylight increased significantly. When it is compared with the normal 

values at 50 years of age of about log(s) = 1.0, the increase is close to a factor of 10.5 This a very 

disabling level. Straylight was significantly reduced after the interface was cleaned by physically 

removing the epithelial ingrowth. The epithelial ingrowth with its secondary local changes 

impedes the proper passage of light through the cornea and increases straylight. Clearing the 

media, in this case the cornea, contributed to a reduction (ie, improvement) in straylight that was 

greater than the improvement in Snellen visual acuity. This difference between straylight and 

visual acuity has also been reported for age-related changes in the crystalline lens.5 However, the 

opposite can also be observed in the aging crystalline lens.5 The relative independence of these 2 

functional aspects of vision in relation to media changes can be partly understood on the basis of 

the underlying optics of the ocular media.5,8 Changes of a refractile nature (aberrations) influence 

visual acuity but not straylight. Small irregularities (order of magnitude in the microns range) 

influence straylight but not visual acuity.

The eye in Case 2 illustrates the opposite effect. We did not see much change in straylight 

with the onset or removal of the epithelial ingrowth, the plausible explanation being that the 

indication for removal of the ingrowth was keratolysis, melting of the flap edges. The central part 

of the cornea was not covered by ingrowth. Analysis and statistical testing (repeated measures 

analysis of variance) showed significant difference between the sessions (P = .003). However, the 

repeated measures standard deviation that can be calculated for this patient from the dataset is 

exceptionally good (0.03 log units) compared with published values (around 0.07 log units).5,13 

Also, given the normal spreading within the population of 0.1 log units, the differences between 

the sessions are limited.5 This means that the minimal changes in straylight are real and not 

significant.

Straylight is a parameter of visual quality. It is usually not increased after LASIK procedures.14,15 

In this case series, we show that central epithelial ingrowth may increase straylight to highly 

disabling levels. Its removal decreases straylight values to values comparable to those in the rest 

of the population. The straylight values were reproducible with repeated measuring.

In conclusion, straylight is an important functional measure to consider when evaluating 

epithelial ingrowth. More study is needed to delineate the cause and effect relationships between 

epithelial ingrowth, flap surface irregularity, and straylight. Currently, clearing the interface and 

a more normal adherent fit of the LASIK flap to the residual stromal bed seem to be effective in 

reducing straylight values.
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aBStraCt

objective

To evaluate the quality of vision (visual acuity and straylight) in patients with Fuchs’ dystrophy 

and the improvement in visual quality after Descemet stripping endothelial keratoplasty (DSEK). 

methods

There was an observational case series (Amsterdam group) and a prospective interventional case 

series (Mayo group). Corrected distance visual acuity (CDVA), straylight, and corneal thickness 

were measured in patients with phakic and pseudophakic eyes with Fuchs’ dystrophy recruited 

at the Academic Medical Center, Amsterdam, the Netherlands (99 eyes), and at Mayo Clinic, 

Rochester, MN, USA (48 eyes). The Mayo group was also examined at 1, 3, 6 and 12 months after 

DSEK; all these eyes were rendered pseudophakic during DSEK. 

results

Eyes with Fuchs’ dystrophy had decreased CDVA (mean [SD], 0.42 [0.26] logMAR; Snellen 

equivalent 20/53) and increased straylight ((mean [SD], 1.54 [0.24] log(s)) compared with normal 

eyes. Younger patients were affected more by increased straylight than by decreased CDVA. 

CDVA (r = 0.2;, P = 0.003; n = 135) and straylight (r = 0.26; P = 0.003; n =133) were correlated 

with corneal thickness. CDVA and straylight improved at all postoperative examinations (P < 

0.001), and improvement in straylight from before DSEK to 12 months after DSEK correlated with 

recipient age (r = -0.43; P = 0.01; n = 33). Improvement in straylight was more predictable than 

that of CDVA and was associated with preoperative straylight >1.33 log(s).

Conclusions

Quality of vision is severely impaired in patients with Fuchs’ dystrophy and improves significantly 

after DSEK.  Straylight improves more in younger than in older eyes after DSEK. Preoperative 

straylight can be a useful clinical metric to predict postoperative improvement, especially in cases 

where preoperative visual acuity is close to 20/20.
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INtroDuCtIoN

The more advanced stages of corneal endothelial dysfunction in Fuchs’ dystrophy are associated 

with decreased quality of vision.1,2 Even if visual acuity remains reasonable initially, corneal edema 

with disorganization of corneal stromal collagen fibrils2 and keratocytes3,4 will increase forward 

light-scatter and straylight. Straylight (disability glare) is a functional term that denotes scattered 

light falling on the retina as observed by the patient and is proportional to forward light-scatter. It 

causes symptoms of glare and halos,1,2 and is an objective physiologic measure of the large-angle 

domain of the retinal point-spread function, in contrast to visual acuity, which is degraded by the 

small angle domain of the retinal point-spread function.5-9 Because quality of vision is related to 

both domains of the point-spread function, visual acuity alone is not sufficient to assess all aspects 

of quality of vision, yet few studies have assessed straylight in Fuchs’ endothelial dystrophy.  

The importance of straylight in Fuchs’ dystrophy relates to outcomes of the current surgical 

treatment of choice, which is Descemet stripping endothelial keratoplasty (DSEK).10,11 In 

comparison with penetrating keratoplasty (PK), DSEK is associated with lower postoperative 

astigmatism, better uncorrected visual acuity, and a more predictable refractive error,10-12 but 

quality of vision after DSEK remains diminished compared with otherwise normal pseudophakic 

eyes partly because of increased straylight induced by the residual host cornea.10-12 In a previous 

study, we found that straylight trended toward improvement after DSEK but we were unable to 

verify this statistically because of a small sample size.10 As a result, we were unable to determine 

the clinical utility of measuring straylight in patients with Fuchs’ dystrophy, and, specifically, if 

straylight could be an indicator of whether surgical intervention would be beneficial.

In this study, we determined the effect of Fuchs’ endothelial dystrophy on quality of vision, 

as assessed by visual acuity and straylight. We combined two groups of subjects with Fuchs’ 

dystrophy from two institutions to increase the number of subjects over a broad age range; both 

groups had standardized visual acuity and straylight measurements. In addition, we determined 

the improvement in quality of vision after DSEK in one of these groups, which was larger and had 

longer postoperative follow-up than previously reported,10 with the goal of assessing whether 

straylight could be a useful metric in the clinical evaluation of patients with Fuchs’ dystrophy.

methoDS

Subjects

All subjects were patients who had corneal guttae with or without corneal edema, consistent with 

a diagnosis of Fuchs’ endothelial dystrophy. Two groups of patients were recruited at two sites. 

The first group had Fuchs’ dystrophy and was recruited at the Academic Medical Center (AMC), 

Amsterdam, the Netherlands; this group will be called the “Amsterdam group”. A second group 
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of patients, who had Fuchs’ dystrophy requiring DSEK, was recruited from the cornea service at 

Mayo Clinic, Rochester, Minnesota, USA; this group will be called the “Mayo group”. Patients were 

excluded from either group if they had other eminent ocular pathology, including decreased 

vision from any cause other than cataract. The study complied with the tenets of the Declaration 

of Helsinki, and all subjects gave informed consent to participate. Institutional Review Board 

approval was obtained at both sites.

DSeK procedure

Patients in the Mayo group were in a prospective study and were examined before and after 

DSEK. The surgical procedure has been described previously.10 Preoperatively, all eyes were either 

pseudophakic or had lenticular changes justifying cataract extraction, and postoperatively all 

eyes were pseudophakic. Postoperative follow-up was at least 6 months, and only 37 eyes were 

examined at 12 months because 1 patient had died, 2 patients had withdrawn from the study, 

1 graft had failed after 6 months, and six eyes had not yet reached the 12-month examination. 

outcome measures

The severity of Fuchs’ dystrophy was assessed by measuring central corneal thickness with an 

ultrasonic pachymeter (DGH-1000; DGH technologies Inc, Frazer, Pennsylvania). High-contrast 

corrected distance visual acuity (CDVA)13 was measured in both groups by using the Early 

Treatment of Diabetic Retinopathy Study (ETDRS) protocol,14-16 and was reported as the logarithm 

of the minimum angle of resolution (logMAR).

Functional forward light-scatter was measured in both groups by using the Oculus C-Quant 

straylight meter (Oculus GmbH, Wetzlar, Germany, or Oculus, Lynwood, WA) and was 

reported as the logarithm of the straylight parameter [log(s)]. This measurement is based on 

the psychophysical “compensation comparison” technique and has been described in detail 

elsewhere.17-19 Briefly, the test consists of a computer-controlled 2-alternative forced-choice 

protocol. Straylight is a psychophysical measurement that is proportional to forward light-scatter; 

a higher value indicates more straylight (more sensitivity to glare). The test is repeatable,17, 20 

and the instrument supplies a reliability index, called the “estimated standard deviation” (ESD), 

for each measurement.  The standard deviation of repeated log(s) measurements has been 

approximately 0.07 log units when using the instrument’s reliability test.7,16,21,22 Straylight of 

phakic eyes with Fuchs’ endothelial dystrophy was compared with that of age-matched normal 

subjects.8 Normal data for straylight values as a function of age for healthy eyes were generated 

by measuring 3,182 eyes without comorbidity of a population of European drivers.8 Straylight 

of pseudophakic eyes with Fuchs’ endothelial dystrophy was compared with that of normal 

pseudophakic eyes, 23 because the influence of the aging crystalline lens was absent in these 
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eyes. A recent study of 56 normal pseudophakic eyes that had undergone uncomplicated cataract 

surgery showed that the age-related regression for straylight in pseudophakic eyes was log(s) = 

0.003*age + 1.13, with subject age measured in years.23

Statistical analysis

All statistical analyses were performed in Excel (Microsoft Corp., Redmond, WA, USA)) or SPSS 

version 16.0.2 (SPSS Inc., Chicago, IL, USA). Correlations were examined by using the bivariate 

Pearson method or when data were not normally distributed, the Spearman rho coefficient. A 

P-value of less than 0.05 was considered statistically significant, and unless otherwise stated, all 

tests were two-tailed.  Straylight in patients was compared with straylight in age-adjusted normal 

subjects8,23 by using an unpaired t-test.

reSultS

Subjects

Ninety-nine eyes of 66 patients with Fuchs’ endothelial dystrophy were included in the 

Amsterdam group; some fellow eyes were not included because they had had a previous PK or 

DSEK. Sixty-three eyes of 44 patients had mild to moderate cataract and 36 eyes of 30 patients 

were pseudophakic. Age of the phakic patients was 67 ± 11 years (mean ± SD; range, 44 to 84 

years) and of the pseudophakic patients was 72 ± 12 years (range, 40 to 92 years; Table 5.1).  Forty-

eight eyes of 41 patients with Fuchs’ endothelial dystrophy were enrolled in the Mayo group and 

all underwent DSEK. Nine eyes were pseudophakic preoperatively, and 39 eyes had a cataract that 

justified extraction and was extracted at the same time as the DSEK procedure. Postoperatively, 

all eyes had posterior chamber lenses without posterior capsule opacification. Age at the time of 

surgery was 67 ± 10 years (range, 41 to 87 years; Table 5.1). 

Visual acuity 

CDVA was similar between the Amsterdam and preoperative Mayo groups (Table 5.1). In Fuchs’ 

dystrophy, CDVA was correlated with age, with better CDVA being associated with younger 

patients (Amsterdam group: r = 0.24; P < 0.02; Mayo group: r = 0.49; P < 0.001); this trend was 

evident in both the phakic and pseudophakic eyes, but to a lesser extent in the pseudophakic 

group.

Mean (SD) preoperative CDVA of the phakic Mayo patients was 0.40 ± 0.21 logMAR (Snellen 

equivalent, 20/50) and of the pseudophakic patients was 0.56 ± 0.14 logMAR (Snellen equivalent, 

20/73). At all postoperative examinations, CDVA was significantly better than it was before DSEK 

(P < 0.001, Table 5.2). Greater improvement in CDVA averaged over 3 to 12 months after DSEK was 

associated with worse preoperative CVDA (Figure 5.1). 
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Table 5.1 Visual quality and corneal thickness in phakic and pseudophakic eyes with Fuchs’ endothelial 
dystrophy in the Amsterdam and Mayo groups.

group Number 
of eyes

age, years
(range)

CDVa, log mar
(Snellen equivalent)

Straylight, 
log(s)

Central Corneal 
thickness, μm

Phakic

All eyes 102 66 ± 9
(41-84)

0.39 ± 0.23
(20/49)

1.55 ± 0.26 677± 62

Amsterdam 63 67 ± 11
(44-84)

0.39 ± 0.25
(20/49)

1.53 ± 0.25 696 ± 65

Mayo 39 64 ± 8
(41-83)

0.40 ± 0.21
(20/50)

1.57 ± 0.26 a 655 ± 51

Pseudophakic

All eyes 45 73 ± 12
(40-92)

0.48 ± 0.26
(20/60)

1.51± 0.18 653 ± 64

Amsterdam 36 72 ± 12
(40-92)

0.45 ± 0.28
(20/56)

1.53 ± 0.19 650 ± 67

Mayo 9 78 ± 8
(58-87)

0.56 ± 0.14
(20/73)

1.42 ± 0.17 b 660 ± 51

Mean ± SD, all variables except number of eyes. CDVA, Corrected distance visual acuity; log MAR, logarithm 
of the minimum angle of resolution; log(s), logarithm of the straylight parameter. a n=35, b n=8 because 
straylight measurements were unreliable in 4 eyes and 1 eye, respectively.

Table 5.2 Visual quality before and after Descemet stripping endothelial keratoplasty (DSEK) for Fuchs’ 
endothelial dystrophy. Only the Mayo group is shown in this table; patients in the Amsterdam group were 
not measured pre- and postoperatively.

Before DSeK time after DSeK (months)

1 3 6 12

CDVa, log mar
Mean ± SD
(Snellen Equivalent)

all eyes (48 eyes) 0.43 ± 0.21
(20/54)

0.35 ± 0.21
(20/45)

0.27 ± 0.20*
(20/37)

0.23 ± 0.17*
(20/34)

0.17 ± 0.16*
(20/30)

Straylight, log(s)
Mean ± SD
(Number of eyes) a

all eyes 1.55 ± 0.25
(43)

1.41 ± 0.16
(46)

1.36 ± 0.21*
(48)

1.35 ± 0.21*
(47)

1.35 ± 0.20*
(37)

*P<0.0001
CDVA, Corrected distance visual acuity; log MAR, logarithm of the minimum angle of resolution; log(s), 
logarithm of the straylight parameter.
a For straylight, unless otherwise indicated, data were unreliable in some eyes, reducing the number of eyes 
available for analysis.
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Straylight

Straylight was remarkably similar between the Amsterdam and Mayo groups (Figures 5.2 and 

5.3). In both phakic and pseudophakic eyes with Fuchs’ dystrophy, straylight was increased 

compared with age-matched normal eyes (P < 0.01, Figures 5.2 and 5.3). Straylight in younger 

subjects with Fuchs’ dystrophy was higher than that of age-matched normal subjects (P< 0.01), 

whereas straylight in older subjects with Fuchs’ dystrophy approached that of age-matched 

normal subjects (Figures 5.2 and 5.3). 

Preoperatively, mean (SD) straylight of the phakic eyes in the Mayo group was 1.57 ± 0.26 log(s) 

and of the pseudophakic eyes in the Mayo group was 1.42 ± 0.17 log(s). At all postoperative 

examinations, straylight was significantly improved compared with straylight before DSEK (P 

< 0.001, Table 5.2). The improvement in straylight from before DSEK to 12 months after DSEK 

correlated with recipient age (r = -0.43; P = 0.01; n = 33, Figure 5.4). Greater improvement in 

straylight averaged over 3 to 12 months after DSEK was associated with higher preoperative 

straylight (Figure 5.5). The improvement in straylight was more predictable than the improvement 

Figure 5.1 Postoperative improvement in corrected distance visual acuity (CDVA) as a function of 
preoperative CDVA. The zero on the y-axis is denoted (- - - ). Postoperative improvement in CDVA after 
Descemet stripping endothelial keratoplasty (DSEK) was correlated with preoperative CDVA.
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Figure 5.2 Straylight as a function of age for the Amsterdam (open circles) and Mayo (open triangles) 
patients with phakic eyes and Fuchs’ endothelial dystrophy. Straylight was increased compared with normal 
eyes of the same age (P < 0.01), especially in younger patients. The central black line represents average 
straylight in healthy phakic eyes. The two dotted lines represent ± 0.2 log intervals.
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Figure 5.3 Straylight as a function of age for the Amsterdam (open circles) and Mayo (open triangles) 
patients with pseudophakic eyes and Fuchs’ endothelial dystrophy. Straylight was increased compared 
with normal eyes in patients of the same age (P < 0.01), especially in younger patients. The central black line 
represents average straylight in healthy pseudophakic eyes. The two dotted lines represent ± 0.2 log intervals.
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Figure 5.4 Postoperative improvement in straylight as a function of recipient age. The improvement in 
straylight from before to 12 months after DSEK correlated with recipient age (r = -0.43; P = 0.01; n = 33).
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Figure 5.5 Postoperative improvement in straylight as a function of preoperative straylight values. After 
Descemet stripping endothelial keratoplasty (DSEK), straylight improved to approximately 1.35 log(s), 
regardless of preoperative straylight. As a consequence, postoperative improvement in straylight was 
correlated with preoperative straylight. The regression line (y = 0.93x – 1.24, where y is the postoperative 
improvement and x is preoperative straylight) highlights that eyes with preoperative straylight higher than 
1.33 log(s) (1.24/0.93) can be expected to improve after DSEK.  Zero improvement is denoted (- - - ).
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Figure 5.6 Straylight (diamonds; right) and corrected distance visual acuity (CDVA; squares; left) as a 
function of corneal thickness for both the Amsterdam (open symbols) and preoperative Mayo (filled symbols) 
groups. The individual regression lines for straylight and CDVA were based on data of both groups together. 
Straylight (r = 0.26; P = 0.003; n = 133) and CDVA (r = 0.26; P = 0.003; n = 135) were correlated with central 
corneal thickness. 
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in CDVA. From the regression line in Figure 5.5 (y=0.93x – 1.24), the preoperative straylight for 

which there was no average improvement in postoperative straylight was 1.33 log(s) (1.24/0.93). 

Corneal Pachymetry

The distribution of central corneal thickness was remarkably similar between the Amsterdam and 

Mayo groups. Central corneal thickness in the Amsterdam group was 683 ± 105 µm (range, 549 – 

837 µm) and in the preoperative Mayo group was 662 ± 46 µm (range, 572 – 779 µm). Although 

corneas appeared slightly thicker in younger patients, the difference was not statistically 

significant. Preoperative straylight (r = 0.26; P = 0.003; n = 133) and CDVA (r = 0.26; P = 0.003; n = 

135) were correlated with central corneal thickness (Figure 5.6). 

DISCuSSIoN

In this study, we found that quality of vision was decreased in subjects with Fuchs’ endothelial 

dystrophy, with older subjects being affected by decreased visual acuity more than younger 
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subjects, and younger subjects being affected by increased straylight compared with older 

subjects. After DSEK, mean visual acuity and straylight improved, but the improvement in 

straylight was greater in younger subjects than in older subjects. This study is important because 

it corroborates anecdotal clinical experiences that some younger patients with Fuchs’ dystrophy 

can have symptoms of increased straylight despite having good visual acuity and that endothelial 

keratoplasty can be a reasonable treatment to improve straylight. 

Quality of vision (CDVA and straylight) of the subjects with Fuchs’ endothelial dystrophy was 

similar between the Amsterdam and Mayo groups (Table 5.1). Younger subjects with Fuchs’ 

dystrophy with decreased quality of vision often maintained good CDVA but suffered from 

increased straylight compared with that of age-matched normal subjects. Although increased 

straylight has typically been associated with scattered light induced by lenticular changes and 

cataract,7,8,24 these changes are typically not advanced in younger subjects. In Fuchs’ dystrophy, 

because the anterior and posterior cornea are a significant source of scattered light,10 increased 

straylight in the younger subjects probably resulted from the abnormal cornea, explaining why 

these subjects might be bothered by symptoms of poor contrast and glare. In contrast, our 

results indicated that quality of vision in the older subjects with Fuchs’ dystrophy was impaired 

by decreased visual acuity because straylight was similar to that of age-matched normal subjects. 

However, because many of the older subjects in this study had cataracts sufficient to degrade 

visual acuity and straylight,5,7,8 separating the visual degradation caused by cataract versus Fuchs’ 

dystrophy in these eyes was not possible. Nevertheless, that straylight in the pseudophakic eyes 

with Fuchs’ dystrophy in our study was higher than that of otherwise normal pseudophakic eyes8 

(Figure 5.3) is further evidence that increased straylight can at least partly be attributed to the 

cornea in Fuchs’ dystrophy.

Straylight and CDVA significantly improved after DSEK, and the improvement was greater 

in patients with poorer preoperative straylight and visual acuity. Visual recovery after DSEK is 

limited in part by the surgical lamellar interface and chronic host corneal changes associated 

with longstanding endothelial dysfunction.10-12 Of interest, the improvement in straylight from 

before DSEK to 12 months after DSEK was greater with younger recipient age (Figure 5.4), further 

indicating the importance of straylight in younger subjects with Fuchs’ dystrophy and suggesting 

that repair of the host stroma after DSEK is quicker in younger corneas. 9,10 In addition, we found 

that postoperative straylight was likely to improve when preoperative straylight was higher than 

1.33 log(s), regardless of the preoperative lenticular status. Thus, straylight is a useful clinical 

metric to help determine the timing of surgical intervention and can be especially helpful in 

younger symptomatic subjects with Fuchs’ dystrophy whose CDVA is close to 20/20. Straylight 

can be measured easily and quickly in clinical practice, and the data were remarkably similar at 
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the two different institutions in this study, indicating the reproducibility of the measurement 

and applicability to clinical practice or even multicenter studies. The relationship between 

postoperative improvement in straylight and preoperative straylight was more predictable 

than that for CDVA; while CDVA remains an important determinant of when to offer surgical 

intervention for Fuchs’ dystrophy, straylight can be a useful additional test in many cases. 

The distribution of corneal thickness was similar between the Amsterdam and Mayo groups. 

Although there were significant correlations between central corneal thickness and CDVA in both 

groups, the predictive value (r2 = 0.07) was low, indicating that quality of vision cannot be judged 

from central corneal thickness. Seitzman et al. also found that decreased CDVA was associated 

with increased corneal thickness in patients with Fuchs’ dystrophy, with particular deterioration 

of CDVA when corneal thickness exceeded 640 µm.2

In summary, the subjects with Fuchs’ endothelial dystrophy in the Amsterdam and Mayo groups 

experienced remarkably similar quality of vision. CDVA, straylight and central corneal thickness 

were all comparable between these two groups. Consequently, the conclusions drawn for the 

postoperative Mayo subjects may also be valid for the Amsterdam subjects. Straylight symptoms 

dominate visual impairment in younger patients with Fuchs’ dystrophy, even in the presence of 

acceptable visual acuity. Because straylight and CDVA are two separate aspects of visual function, 

straylight is a useful independent measurement of visual function and easily measured in the 

clinic. 
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aBStraCt

Purpose

Long-term quality of vision after Descemet stripping endothelial keratoplasty (DSEK) was 

evaluated and correlated with corneal characteristics and subjective complaints. 

methods

Thirty-four eyes were examined; patients had a single visit 6 to 64 months after DSEK for Fuchs’ 

dystrophy. Best-corrected distance acuity (BCDA) and straylight were analyzed. To better evaluate 

long-term postoperative BCDA changes, longitudinal data were used from earlier visits.  Corneal 

thickness was measured with the Visante anterior segment Optical Coherence Tomography 

(OCT).  Interface, stromal and endothelial haze were semi-quantitatively graded using the 

slitlamp. Vision-related quality of life was evaluated with the 39-item National Eye Institute 

Visual Function Questionnaire (NEI VFQ-39) and a straylight questionnaire. Correlation analysis 

comparing corneal characteristics with visual quality was performed.

results

Mean postoperative time was 1027 ± 453 days. Mean BCDA at this time was 0.33 ± 0.19 logMAR. 

BCDA remained stable with long-term postoperative follow-up. Straylight averaged 1.47 ± 0.19, 

on average 0.12 log units higher than normal values for age-related pseudophakic eyes (P < 

0.001). BCDA correlated with corneal haze (r = 0.50), whereas straylight showed a non-significant 

association (P = 0.12). Neither BCDA nor straylight correlated with corneal thickness. Mean VFQ-

39 score was 77/100, and mean score of the straylight questionnaire was 46/100.

Conclusion

Quality of vision after DSEK does not return to normal levels of age-matched pseudophakic eyes, 

with decreased BCDA and increased straylight. Questionnaire scores indicate mild (VFQ-39) to 

moderate (straylight) subjective visual impairment. Corneal thickness and haze do not offer an 

adequate explanation for the decreased visual quality. 
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INtroDuCtIoN

Since its introduction in 2002, Descemet stripping endothelial keratoplasty (DSEK) has become 

the most commonly performed procedure of posterior lamellar keratoplasty (PLK), used for 

treatment of corneal endothelial dysfunction, in particular Fuchs’ endothelial dystrophy.1;2 

The donor disks for DSEK can be dissected manually,3-6 mechanically using a microkeratome,6-9 

or with a femtosecond laser.7 Main advantages of PLK and its modifications are rapid visual 

rehabilitation,1;10  minimal induced astigmatism,9 and absence of suture-related complications1.

Because DSEK is a relatively new surgical technique, most studies concerning the results of this 

treatment show results up to 6-18 months postoperatively and focus exclusively on (equivalents 

of high contrast) visual acuity. However, visual acuity assessment underestimates visual problems 

caused by straylight and is therefore not sufficient for evaluating quality of vision.11-15 Straylight 

is caused by light scattered by imperfect optical media of the eye, falling on the retina, and 

diminishing the contrast of the retinal image. Straylight is proportional to forward light-scatter 

and translates into glare and contrast problems, as opposed to visual acuity that mainly tests for 

refractive type errors. Straylight is an objective physiologic measure of the large-angle domain 

of the retinal point-spread function, while visual acuity is influenced by the small angle domain 

of the retinal point-spread function.12 Problems with straylight occur quite independently from 

visual acuity problems in the general population.12;13;16 On the other hand, depending on the 

studied population, a statistical association may occur.17;18 With respect to DSEK, corneal haze 

and structural changes in corneal microstructure have been suggested as explanation for limited 

optical performance.10;17;18

In this study, long-term DSEK postoperative quality of vision by means of visual acuity and 

straylight measurements is evaluated. We report and correlate herein the 6-month to 5-year 

postoperative outcomes of straylight values and best-corrected distance visual acuity (BCDA) 

with several corneal characteristics (corneal thickness and amount of corneal haze) and subjective 

complaints as documented by questionnaires. To better understand long-term postoperative 

visual results, longitudinal data were used from earlier patient visits. 

materIalS aND methoDS

Subjects

Forty-four eyes of 34 patients underwent DSEK for Fuchs’ endothelial dystrophy between July 

2003 and May 2008. Four eyes were excluded from this study because of other eminent ocular 

pathology. One eye had buphthalmos, two eyes suffered from severe macular degeneration, 

and one eye developed proliferative diabetic retinopathy after DSEK. Another two eyes were 

excluded because of early postoperative corneal decompensation for which they received a 
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penetrating keratoplasty (PK). Four eyes of three patients were excluded because the patients 

had died or were lost to follow-up. All 34 included eyes of 26 patients were diagnosed with 

Fuchs’ endothelial dystrophy and did not have any other disturbing ocular pathology, besides 

pseudophakia. Between September 2008 and January 2009, all patients were asked to visit the 

outpatient clinic once for a follow-up visit to undergo the examinations described below. The 

study complied with the tenets of the Declaration of Helsinki. Subjects gave oral and written 

informed consent. Institutional Review Board approval was obtained. 

DSeK procedure

The DSEK technique as used in all eyes is similar to that previously described in detail by Melles et 

al.5 Posterior donor corneal disks were all manually dissected by the cornea donor bank (Amnitrans 

Cornea Bank, Rotterdam, the Netherlands).4 The cornea donor bank routinely prepares the donor 

posterior disks by manual dissection of the cornea of an intact globe. After the disks had been 

prepared, they remained in situ in the intact globes, after which 16-mm corneal-scleral buttons 

were excised and routinely processed by the cornea bank.4 This procedure allowed a check for 

possible contamination and to assess the viability of the donor endothelial cell layer. All recipient 

eyes were pseudophakic before DSEK surgery. 

outcome measures

High-contrast  best corrected distance visual acuity (BCDA) was measured by using the Early 

Treatment of Diabetic Retinopathy Study (ETDRS) protocol19;20 and is given as the logarithm of 

the minimum angle of resolution (logMAR). 

Straylight was measured with the C-Quant straylight meter (Oculus GmbH, Wetzlar, Germany), 

which can objectify in a functional sense the amount of intraocular forward light-scatter.21 The 

C-Quant straylight meter is a computerized instrument based on the compensation comparison 

method, which is described in detail elsewhere.21-23  Values found are expressed as the logarithm 

of the straylight parameter s, log(s). Measurements were considered reliable when the expected 

standard deviation (ESD), given by the instrument, reached values below 0.1.12 Because in 

this way only reliable data were included, the repeated-measures standard deviation of the 

straylight values was approximately 0.07 log units in the present study. Straylight values found 

in the population of this study can be best compared with those of normal pseudophakic 

eyes. In a recent study, straylight values in pseudophakic eyes were evaluated.24 In this study, 

56 pseudophakic eyes of 47 patients were included, which were measured under the same 

conditions in the same period and with the same instrument as the population of the present 

study. Mean age of the pseudophakic patients was 66.2 (range, 31-87 years), with a mean 

straylight value of log(s) = 1.25 (range, 0.68 – 2.13).24 In pseudophakic eyes, the effect of age 
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on the amount of straylight is supposed to be less important because the disturbing cataract is 

removed. However, straylight values in our population of pseudophakic patients did not return to 

values of healthy, young eyes.24 Some influence of age or surgery on pseudophakic eyes was thus 

assumed. In this pseudophakic, but otherwise healthy population, the age-related regression line 

for straylight values of pseudophakic eyes was found to be y = 0.003x + 1.1261, in which y is the 

straylight value in log(s) and x is the age of the pseudophakic patient in years.24 The age-related 

straylight normal curve is not applicable because of the important role for the natural lens and its 

age-related changes in this curve.12

For measuring and imaging the anterior segment, the time domain-based Visante anterior 

segment optical coherence tomography (AS-OCT; Carl Zeiss Meditec, Dublin, CA, USA) was used. 

Although no reproducibility studies concerning corneal thickness measurements have been 

published for this instrument, other studies have shown that OCT measurements correspond well 

with pachymetry and ultrasound measurements.25-27 The Visante AS-OCT obtains cross-sectional 

images of the cornea with a 1310 nm superluminescent LED, based on consecutive A-scans. 

Four consecutive high-resolution (512 A-scans, taken in 0.25 seconds each) corneal scans were 

acquired, in the horizontal, vertical and two diagonal planes, centered on the vertex. Thickness 

measurements of both donor disk and recipient stroma were performed at the centre of the 

cornea and at 1.5 and 3.0 mm from both sides of the centre in each scan line.28 

A semi-quantitative slitlamp grading of interface and stromal and endothelial haze was recorded 

(Table 6.1). The total grade of corneal haze was the sum of interface, stromal, and endothelial 

grades. 

We administered the 39-item National Eye Institute Visual Function Questionnaire (NEI VFQ-39) 

to evaluate vision-related quality of life.29 This questionnaire is developed to measure multiple 

aspects of vision-related functioning and to allow comparison of vision-related quality of life 

in various ocular disorders.30 The NEI-VFQ-39 composite score is the mean of all vision-specific 

VFQ-39 scales, excluding general health. The NEI-VFQ-39 is scored from 0 to 100, with a higher 

score indicating better vision-related functioning. To capture straylight complaints, a 5-item 

straylight questionnaire was designed, based on clinical experience, and conducted (Table 6.2). 

All questions had to be answered on a scale from 0-5 except question nr. 4, which had a “not 

applicable” answering option, in which 0 = none, 1 = hardly any difficulty, 2= mild difficulty, 3 = 

moderate difficulty, 4 = severe difficulty and 5 = very severe difficulty. The resultant score of this 

questionnaire was determined as the average over all 5 (4) scores, with: answer 0 = 100 points,  1 

= 80 points, 2 = 60 points, 3 = 40 points, 4 = 20 points and 5 = 0 points, resulting in a total score 

between 0 and 100, where 0 was the worst possible and 100 the best possible score. A higher 
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Table 6.1 Scale of the semi-quantitative slitlamp grading

grade Interface Stroma endothelial

grade 0 clear clear no guttae

grade 1 mild localized opacification, 
not in centre

localized mild haze limited localized guttae

grade 2 localized moderate 
opacification not in centre

more diffuse mild haze, 
small spot with moderate 
haze, not in centre

more extensive guttae, but 
not covering the whole 
endothelium

grade 3 multiple spots with 
moderate opacification 
peripherally

moderate localized haze in 
multiple or larger peripheral 
spots

diffuse guttae, but a clear 
stroma

grade 4 mild central opacification, 
peripheral moderate 
opacification

localized dense haze or 
diffuse moderate haze, 
stromal folds or some 
localized Descemet folds

diffuse guttae, signs of 
stromal oedema, e.g. stromal 
folds or some localized 
Descemet folds

grade 5 diffuse dense opacification diffuse dense haze, stromal 
oedema, Descemet folds

diffuse guttae, including 
oedema and Descemet folds 

Table 6.2 5-Item straylight questionnaire. 

Straylight questionnaire

How much difficulty do you experience seeing what is ahead of you when you drive into a tunnel during 
the daytime?

How much difficulty do you experience seeing what is ahead of you when an oncoming car has bright 
headlights on at night?

How much difficulty do you experience seeing what is ahead of you when a low sun is shining in your eyes 
during the daytime?

To what extent did you stop driving a car because of the above mentioned problems?

How much difficulty do you experience recognizing faces against the light?

All questions had to be answered on a scale from 0-5 except question nr. 4 which had a “not applicable” 
answering option, in which 0 = none, 1 = hardly any difficulty, 2= mild difficulty, 3 = moderate difficulty, 4 = 
severe difficulty and 5 = very severe difficulty. The resultant score of this questionnaire was determined as the 
average over all 5 (4) scores, with: answer 0 = 100 points,  1 = 80 points, 2 = 60 points, 3 = 40 points, 4 = 20 
points and 5 = 0 points, resulting in a total score between 0 and 100, where 0 was the worst possible and 100 
the best possible score

score thus indicated less straylight complaints. Earlier acquired values of postoperative BCDA (32 

eyes) were retrieved from patients’ charts. Comparisons were made between these earlier values 

and our present results. 
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Statistical analysis

All statistical analyses were performed using Excel (Microsoft Corp., Redmond, WA, USA)) or SPSS 

16.0.2 (SPSS Inc., Chicago, IL, USA). Correlations were made with the Pearson coefficient or when 

data were not normally distributed with the Spearman’s rho coefficient. A P value less than 0.05 

was considered statistically significant (two-tailed). A Student’s t test was performed to analyse 

age dependence of straylight results. 

reSultS

Population

Fifteen patients were women (58%), and 11 patients were men. All patients were Caucasian. Mean 

age of the population was 72.1 years (SD 11 years, range 48 – 91 years). The follow-up visit for data 

collection occurred after a median of 1027 days (SD 453 days, range 189-1921 days). Thirty-four 

eyes of 26 participants were measured; eight patients had both eyes measured. Statistical analysis 

of the patients who had both eyes operated, did not show any correlation between the results 

of both eyes.

Visual acuity 

Mean visual acuity was 0.33 logMAR (SD 0.19; range 0-0.72; Snellen equivalent: 20/42). From 

patients’ charts, mean BCDA at an average postoperative time of 248 days could be retrieved for 

32 eyes. Mean earlier acquired BCDA was 0.27 logMAR (SD 0.18; range 0-0.8: Snellen equivalent: 

20/37).  When recent BCDA results are plotted against earlier acquired postoperative BCDA values, 

visual acuity values did not change much over time (Figure 6.1) (n = 32, r = 0.84, P < 0.001). Visual 

acuity correlated with recipient age (n = 33, r = -0.35, P = 0.045) and with total grade of corneal 

haze (n = 33, r = 0.50, P = 0.003). 

Straylight values

Mean straylight was log(s) = 1.47 (SD 0.19; range 1.07 – 1.78). Figure 6.2 shows straylight values 

after DSEK compared with the regression line for the age-related straylight values of pseudophakic 

eyes, explained in the methods section. Comparing straylight values in DSEK patients (log(s) 

= 1.47) with this curve (log(s) = 1.35) resulted in a statistically significant (P < 0.001) average 

difference of 0.12 log units, which may be assumed to be caused by the cornea. In linear sense, 

this difference is ∆s = 7. Straylight values showed a statistical relationship with BCDA, although 

the relationship is not very strong (n = 33, r = 0.46, P = 0.008). (Figure 6.3) Straylight values showed 

a weak relationship with the total grade of corneal haze (n = 34, r = 0.27, P = 0.12). 
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Figure 6.1 Present best corrected distance visual acuity (BCDA) values in logMar (logarithm of the minimal 
angle of resolution) against earlier acquired BCDA values in logMar. BCDA results hardly changed with long-
term follow-up after DSEK. 

Figure 6.2 Straylight (log(s)) versus age (years). The central line represents average straylight of healthy 
pseudophakic eyes, with the outer lines representing ± 0.2 log intervals. Postoperative straylight remains 
increased (average difference: 0.12 log units; P < 0.001) compared with normal pseudophakic eyes.
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Corneal haze and thickness measurements

Mean grade of interface haze was 0.85 (SD 1.08; range 0 – 4), stromal haze 0.18 (SD, 0.46; range 

0-2) and endothelial haze 0.50 (SD 0.56; range 0 – 2). Mean corneal thickness of the central cornea 

was 609 µm (SD 56; range 494 – 722). BCDA, straylight, grading of corneal haze or results of the 

questionnaires did not show a statistical relationship with any thickness measurements of the 

cornea, which may be because of the small sample size. 

Questionnaires

The average VFQ-39 score was 77/100 (SD 16; range 34 – 99), against a 46/100 (SD 29; range 0-92) 

average score, which was found with the straylight questionnaire. The two questionnaires results 

correlated well (n = 23, r = 0.72, P <0 .001). The VFQ-39 showed a weak relation with visual acuity 

(n = 23, r = -0.32, P = 0.08) but did not show a relation with any of the other parameters. Neither 

did the straylight questionnaire. This may be attributable to small sample size. 

DISCuSSIoN

In this study, long-term quality of vision after manual DSEK is evaluated. Straylight values and 

visual acuity, corneal thickness, subjective complaints, and corneal haze were reported and 

correlated. Thirty-four eyes with an average postoperative time of almost 3 years, ranging from 

Figure 6.3 Straylight values as logarithm of s, plotted against present BCDA values in logMar (logarithm of 
the minimal angle of resolution). Straylight values showed a weak statistical relationship with BCDA (n = 33, 
r = 0.46, P = 0.008).
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six months to over 5 years, were included. Results of visual acuity measurements were compared 

with data acquired at an earlier date. Straylight values were compared with normal straylight 

values of (otherwise healthy) pseudophakic eyes. Our population size is small, and thus, a 

number of statements of lack of association will have wide confidence intervals if they were to be 

computed. Caution is needed about these statements. 

The purpose of this article was to report on the long-term visual functioning of the first patients 

who have undergone manual DSEK.  More recently, Descemet stripping automated endothelial 

keratoplasty (DSAEK) with micro-keratome-dissected donor tissue has become popular.31 

However, many ophthalmologists who now perform DSAEK started with manual DSEK and 

consequently will still have patients under their care who have undergone this procedure. The 

long-term follow-up of these manual DSEK patients remains valuable. Visual functioning of 

patients who have undergone manual DSEK has been compared with that of DSAEK patients.6;32 

No difference in visual outcomes between these groups was found at 3- , 6- and 12- month 

follow-up.6;32 It was suggested that this lack of difference in long-term follow-up could be because 

of stromal remodelling, which occurred eventually and which may reduce the influence of early 

interface irregularities on visual quality.6 Consequently, large differences in visual outcomes 

between our manual DSEK patients and DSAEK patients are unlikely with our follow-up of several 

years. In a recent report evaluating the results of endothelial keratoplasty, no explicit difference 

is made between DSEK and DSAEK, as method of donor tissue preparation is not considered 

important for the evaluation of safety and outcomes. 33 

Quality of Vision

Straylight values of our population were compared with healthy pseudophakic eyes without DSEK 

surgery. Straylight values increase with age in the perfectly healthy eye because of increased (but 

normal) disturbances to the optical media, predominantly in the crystalline lens. In pseudophakic 

eyes, the effect of age on the amount of straylight can be expected to be less important, as the 

disturbing crystalline lens is removed. Because of the removal of the lens-effect, it is not possible 

to compare straylight values of pseudophakic eyes with straylight values of eyes which still 

contain the crystalline lens. Straylight values of pseudophakic eyes will have to be compared 

with those of other healthy (non-Fuchs) pseudophakic eyes. In previous studies, it was found that 

straylight values of healthy pseudophakic eyes do not return to values of a young normal eye 

and that they increase slightly with age.24;34 Some influence of age or surgery on pseudophakic 

eyes must thus be assumed. For unknown reasons, straylight values in healthy pseudophakic 

eyes remain quite variable.12;24;34 As the rather unpredictable influence of the DSEK cornea on 

postoperative quality of vision is added in our population, the variability of straylight values in 

this population will be even larger than that in otherwise normal pseudophakic eyes. Considering 
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this large variability in our population, the lack of correlation between quality of vision and 

corneal characteristics is unsurprising. The standard deviation of the straylight measurements 

of 0.07 log units is comparable to other studies and shows the test results to be reliable and 

repeatable.11;21;35-37 Another issue to be considered is potential differences of the IOL and surgical 

procedure. However, IOL and surgical procedure in the present study are identical to those of 

the reference pseudophakic population.24 In a study from another center, a very comparable 

function was obtained.34 A significant average difference in straylight of 0.12 log units or ∆s = 7 

was found between healthy pseudophakic eyes and eyes after DSEK surgery in our population, 

which may be assumed to be caused by the cornea.18 A previous study showed that penetrating 

keratoplasty led to a postoperative reduction of straylight of 0.60 log units to log(s)  = 1.05 in an 

eye with a postherpetic corneal scar.11 Although we do not have pre- and postoperative straylight 

measurements, this reduction after penetrating keratoplasty is probably more than that observed 

in our patients. However, Patel2 and Patel et al17 suggested that decreased quality of vision after 

DSEK was caused by the influence of the graft-host interface, which probably increases forward 

light-scatter. Also, changes in the entire host cornea might contribute to increased straylight.18 

Chronic recipient subepithelial fibrosis and ultrastructural stromal changes occurring after 

longstanding endothelial dysfunction have been named to increase forward light-scatter and 

limit VA.2;17;18 These changes do not return to normal after DSEK, as corneal backscatter from the 

anterior and middle thirds of the cornea was shown to remain elevated postoperatively.18 Good 

preoperative vision because of minimal corneal changes is a predictor of better postoperative 

visual recovery.9;18 Older patients might have more advanced corneal stromal changes, more 

impairment of quality of vision, and a possibly limited recovery postoperatively.2;17;18 Thus, 

recipient age might also be a predictor of postoperative result, with younger patients having the 

best visual prognosis. 1;18 This correlation between postoperative visual acuity and recipient age 

also exists in our population as detailed in the results section, although the correlation was not 

strong and could have been influenced by chance. 

It is estimated that around one-third of the total amount of straylight in the normal healthy 

human eye is derived from the cornea, which corresponds to s = 3.38 If the same holds true for 

the pseudophakic reference eyes with average log(s) = 1.35, this would correspond to s = 7.5 

attributable to the cornea (if log(s) = 1.35, s = 101.35= 22.5; if 1/3 of this value is derived from the 

cornea, then this is s = 7.5). So, an extra straylight increase of ∆s = 7 after DSEK surgery is a sizeable 

amount compared with normal levels for the cornea. The average addition of 0.12 log unit to 

normal pseudophakic straylight values is comparable to loss of one line of a VA chart, which is 

similar to previously reported visual loss of on average 1 line because of the interface after deep 

lamellar endothelial keratoplasty surgery.10 This suggests that the straylight increase because of 

the cornea has limited practical impact for the patients of our group. 



104

Chapter 6  

6

Corneal grading and Questionnaires

Corneal grades correlated with BCDA and weakly with straylight.  So, slitlamp examination of 

the cornea can contribute to the understanding of that part of subjective complaints of visual 

functioning, which is caused by decreased visual acuity. However, straylight complaints cannot 

be very well predicted or understood from slitlamp examination. This can be because of the fact 

that the exact source and amount of straylight (which is forward scatter) within the cornea cannot 

be determined by slitlamp examination.11;39 Although subjective grading systems are complex to 

administer in a reproducible way, with the use of this grading system, it was aimed to get close to 

established and meaningful clinical practice. For most ophthalmologists, the slitlamp is the only 

instrument available to examine the anterior segment of the eye.  To increase the reproducibility 

of the grading system, grading was performed in nearly all eyes by one ophthalmologist (IvdM). 

Although the use of corneal grading postoperatively might be doubtful, the corneal grading was 

added to be able to detect deterioration of the endothelial function of the graft with long-term 

follow-up after DSEK. However, in our population, mean value of all corneal grades was very 

low, indicating that little problems were detected. The level of endothelial dysfunction in our 

population with long-term follow-up after DSEK thus hardly disturbed quality of vision. 

The subjective complaints, measured with both the VFQ-39 and the straylight questionnaires, did 

not correlate well to other parameters. The NEI-VFQ-39 composite score of 77 from our group of 

pseudophakic patients after DSEK is slightly higher than the mean baseline score (73) in patients 

with cataract who are planned to undergo cataract extraction.30 After cataract surgery, these 

patients showed a mean improvement of 21 to an average postoperative composite score of 

93.30 The low value of 77, which is found among our patients, is probably attributed to suboptimal 

postoperative visual acuity and straylight levels in the present study. The score of the straylight 

questionnaire (46) was also surprisingly low. A problem in our population is that other pathology 

such as Fuchs endothelial dystrophy or cataract in the non-operated eye could have an influence 

as well, as most included patients had undergone DSEK surgery on one eye only. Patients’ 

satisfaction will not fully correspond to improving functional parameters after surgery of one eye, 

if the other eye is still functioning in a suboptimal way. 

Conclusions

Posterior lamellar keratoplasty is a relatively new surgical technique with quite some variations. 

Little long-term follow-up results have been presented so far. With growing experience in 

posterior lamellar keratoplasty, it has been shown that functionally DSEK surgery is successful 

after five years follow-up. Visual acuity remained stable postoperatively until now. The present 

study shows that also straylight is surprisingly good with long-term follow-up. However, quality 

of vision after DSEK does not return to normal levels of age-matched pseudophakic eyes. 
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Questionnaire scores indicate mild to moderate postoperative subjective visual impairment, 

mostly because of straylight. Better postoperative visual functioning with younger recipient age 

and less corneal changes because of longstanding endothelial dysfunction seem to point in the 

direction of offering DSEK surgery in an early stage to patients with Fuchs endothelial dystrophy. 
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aBStraCt

Purpose

To assess adding straylight measurements to the indication for cataract surgery.

Setting

Onze Lieve Vrouwe Hospital, Amsterdam, and Zonnestraal Eye Clinic, Hilversum, The Netherlands.

Design

Prospective interventional cohort study.

methods

Before and after cataract extraction, corrected distance visual acuity (CDVA) and straylight were 

recorded in all patients. Subjective complaints were documented by the 39-item National Eye 

Institute Visual Function Questionnaire (NEI-VFQ-39) and a straylight questionnaire.

results

The population comprised 217 patients with a mean age of 72 years ± 9.12 (SD) (range 29 to 

90 years). Preoperatively, the mean straylight was 1.55 ± 0.29 log(s) and the mean CDVA, 0.28 

± 0.21 logMAR. Visual acuity and straylight showed little correlation (R2 = 0.08). The mean 

postoperative improvement in CDVA was 0.26 ± 0.20 logMAR (range −0.12 to 1.12 logMAR) and 

in straylight, 0.31 ± 0.32 log(s) (range −0.50 to 1.27 log[s]). The preoperative breakeven point (50% 

chance of postoperative improvement) was 0.06 logMAR for CDVA and 1.29 log(s) for straylight. 

Preoperative and postoperative questionnaires showed straylight had almost the same influence 

as visual acuity on quality of vision.

Conclusions

Straylight and visual acuity measure different aspects of quality of vision and influenced subjective 

visual quality almost equally. When straylight was added to preoperative considerations of 

cataract extraction, postoperative results were more predictable.
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Cataract is the leading cause of blindness worldwide,1 and cataract surgery is the most commonly 

performed elective surgical procedure.A Because lens opacities usually develop slowly, effects on 

quality of vision can be variable1; the presence of lens opacities in and of itself does not justify 

cataract extraction.2 At present, exactly when lens opacities are classified as cataract and how 

much visual loss or subjective symptoms must be present to justify the definition of cataract 

are inconsistent in different health care settings.1 The decision whether to operate is based on a 

combination of subjective complaints and ocular examinations, and may vary between surgeons 

and regions.2–4 Because a large amount of monetary and human resources are spent on cataract 

extraction,3 there is a need for new objective tests to develop a standardized indication paradigm 

for cataract surgery that will increase the chances of postoperative improvement.2

At present, visual impairment is usually qualified as loss of visual acuity only and the indication 

for cataract extraction is mainly based on visual acuity.1–7 Nevertheless, it may be difficult to 

accurately predict the outcomes of cataract extraction in individual patients because visual acuity 

is a relative value and does not represent all aspects of quality of vision.3,5–14 Although other factors 

can influence the postoperative visual results, additional vision tests, such as contrast sensitivity 

and glare sensitivity, are infrequently used in the preoperative decision-making process.2,3 

However, previous studies5–8,12–14 have shown that additional vision tests provide important 

preoperative information that correlate with patients’ complaints and are valuable in assessing 

the quality of vision. Recent cataract surgery guidelines advise that in addition to visual acuity, 

one should consider other measures of visual functioning (eg, glare or halos) and the degree of 

functional disability when making recommendations for surgery and evaluating the outcomes of 

surgery.15,A The surgeon is counseled to consider cataract surgery when the visual impairment is 

directly attributable to the presence of lens opacities.15

Many cataract patients with excellent visual acuity report glare and other visual problems because 

cataract leads to an increased amount of straylight, which can cause disability glare.6–11,13,14,16,17 

Light scattered by the eye’s imperfect optical media causes a veil of straylight over the retina, 

which is relative to forward light-scatter.10,11,14,16 It diminishes the contrast of the retinal image 

and causes symptoms of disability glare and halos.10,11,14,16 Straylight is an objective physiologic 

measure of the large-angle domain of the retinal point-spread function (PSF); this is in contrast to 

visual acuity, which is influenced by the small-angle domain of the PSF.5,10,11,14,16 Because quality 

of vision is related to both domains of the PSF, visual acuity alone is not sufficient to assess all 

aspects of quality of vision.

More extensive and sensitive methods to test quality of vision are indicated in patients with 

subjective visual impairment and good visual acuity; however, in the past this was hindered by 
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the lack of adequate and repeatable measurement methods.5,7,13 Before the development of a 

reliable and clinically useful straylight instrument, efforts were focused on glare testers. These 

instruments usually assess visual acuity or contrast sensitivity with and without a glare source 

presented at an angular distance in the visual field. In this way, an outcome more or less related 

to straylight or disability glare was measured, but often with unreliable results, poor repeatability, 

and inadequate discriminative ability.18 Subject bias and learning effects could not be excluded,19 

and the outcomes of these tests correlate poorly with validity measures such as questionnaires 

assessing patient-perceived visual disability20,21 or directly measured forward light-scatter.18,21 

These problems with the use of glare testers have prevented the widespread acceptance of a 

standard way to measure glare.8

Therefore, recent cataract surgery guidelines of the Royal College of OphthalmologistsA state 

that tests for contrast sensitivity, glare, laser interferometry, and specular photography are 

not of proven value. However, a computerized straylight meter, the C-Quant (Oculus GmbH), 

is reported to provide valid measurements and to be easy to use in a clinical setting.10,22 It 

objectively assesses the amount of intraocular forward scattered light and provides reliable 

assessment because it is no longer possible to consciously influence the measurement outcome. 

It gives highly repeatable results for untrained subjects over a wide range of straylight values,19,22 

and there is no learning process involved in repeated measurements.22 The device accurately 

measures the amount of intraocular straylight, allowing straylight assessment to be part of 

clinical and preoperative considerations.10

In this study, we used the National Eye Institute Visual Function Questionnaire-39 (NEI-VFQ-39) 

and a straylight questionnaire to relate objective values, such as straylight and visual acuity, to 

patient-perceived visual function. The aims of this study were to determine whether visual acuity 

and straylight, both aspects of visual function, behave independently; to what degree visual 

acuity and straylight contribute to subjectively experienced quality of vision; and whether the 

involvement of straylight to the existing preoperative considerations (visual acuity) leads to a 

clearer indication for cataract extraction and an increased chance of postoperative improvement.

PatIeNtS aND methoDS

Population

Patients were included according to the established criteria for elective cataract surgery at the 

participating hospitals. These included lens opacities consistent with cataract and justifying 

cataract extraction. Patients were recruited at Zonnestraal Eye Hospital, Hilversum, and the 

Department of Ophthalmology, Onze Lieve Vrouwe Gasthuis Hospital, Amsterdam, The 

Netherlands. The study complied with the tenets of the Declaration of Helsinki. All patients gave 
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informed consent. Institutional review board approval was obtained at both sites. Patients were 

excluded if they had other ocular pathology, including decreased vision from causes other than 

cataract, or if they had laser refractive surgery.

Cataract extraction was performed in a similar fashion (phacoemulsification) at both sites and the 

Acrysof SN60WF (Alcon Laboratories, Inc.) was the standard intraocular lens (IOL) type. Because 

there were no statistically significant differences in age, sex, visual functioning, or operative 

procedure between patients at the 2 sites, the data were combined and analyzed together.

measurement Procedure

Before and after cataract extraction, the corrected distance visual acuity (CDVA) and straylight 

values were recorded in all patients. The CDVA was tested using the Early Treatment Diabetic 

Retinopathy Study (ETDRS) chart23,24 and is reported in logMAR notation. The C-Quant straylight 

meter was used to quantify the amount of retinal straylight. The amount of intraocular straylight 

is expressed as the logarithm of the straylight parameter s (log[s]); a higher straylight value 

indicates more sensitivity to glare. The straylight meter is a computerized instrument based on 

the psychophysical compensation-comparison method and has been described in detail.10,19,25–27 

In short, the compensation-comparison method uses a central test field divided into halves, 1 

with and 1 without counter-phase compensation light and surrounded by a flickering ring. The 

flickering light of this ring is projected partly onto the retinal image of the central test field by 

intraocular light-scattering and is perceived by the patient as (faint) flickering in the central test 

field. The added counter-phase compensation light can stop the flickering and causes a difference 

in modulation between the 2 central test fields. The patient’s task is a forced-choice comparison to 

identify which half shows the strongest flicker. A psychometric response curve is computed from 

the patient’s responses. A reference database was established in a large European multicenter 

study.5,9,10 The test is reproducible,19,22 and the instrument supplies a reliability index, called the 

estimated standard deviation, for each measurement. Measurements were included only when 

the estimated standard deviation was considered reliable (below 0.1). Each eye was measured 

twice.

Breakeven  Point

The breakeven point is defined as the preoperative value at which the chance of improvement 

after cataract extraction is 50% (and chance of postoperative deterioration is also 50%). It can be 

acquired by calculating when the major axis regression value is zero. In our population having 

cataract surgery, the breakeven point was determined for visual acuity and straylight separately 

and also for overall vision (when both visual acuity and straylight are taken into account in the 

preoperative considerations).
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Binocular acuity and Binocular Straylight

Binocular visual acuity is better than the mean monocular value.28 Binocular visual acuity is better 

than best monocular visual acuity by a mean of between 0.045 logMAR and 0.150 logMAR.29,30 If 

the difference in monocular visual acuity between the right eye and the left eye is large, binocular 

visual acuity is not always better than the visual acuity in the best eye. In the present study, 

binocular visual acuity was considered to be equal to the visual acuity in the best eye when the 

difference in monocular visual acuity between the 2 eyes was greater than 0.10 logMAR. When 

the difference in monocular visual acuity of each eye was 0.10 logMAR or less, binocular acuity 

was considered equal to visual acuity in the best eye minus 0.10 logMAR. Straylight can only be 

measured in each eye separately, and a previous studyB found that the binocular straylight value 

is approximately the mean of the straylight values in both eyes; that is, (value of right eye + 

value of left eye)/2.

Questionnaires

Patients completed the validated 39- item NEI-VFQ-39 and a straylight questionnaire to evaluate 

vision-related quality of life.31,32 The NEI-VFQ-39 was developed to measure multiple aspects of 

vision-related functioning and to allow comparison of vision-related quality of life for various 

ocular disorders.33 The NEI-VFQ-39 composite score is the mean of all vision-specific NEI-VFQ-39 

scales (37 questions), excluding 2 questions concerning general health. To capture straylight 

symptoms, a 5-item questionnaire was designed based on clinical experience (Table 7.1). Scores 

on both questionnaires were transformed to a range from 0 (maximum impairment) to 100 (no 

impairment). Both questionnaires were answered preoperatively and approximately 6 weeks 

after final surgery.

Table 7.1 5-Item straylight questionnaire. 

Straylight questionnaire

How much difficulty do you experience seeing what is ahead of you when you drive into a tunnel during 
the daytime?

How much difficulty do you experience seeing what is ahead of you when an oncoming car has bright 
headlights on at night?

How much difficulty do you experience seeing what is ahead of you when a low sun is shining in your eyes 
during the daytime?

To what extent did you stop driving a car because of the above mentioned problems?

How much difficulty do you experience recognizing faces against the light?

All questions had to be answered on a scale from 0-5 except question nr. 4 which had a “not applicable” answering 

option, in which 0 = none, 1 = hardly any difficulty, 2= mild difficulty, 3 = moderate difficulty, 4 = severe difficulty 

and 5 = very severe difficulty. The resultant score of this questionnaire was determined as the average over all 5 

(4) scores, with: answer 0 = 100 points,  1 = 80 points, 2 = 60 points, 3 = 40 points, 4 = 20 points and 5 = 0 points, 

resulting in a total score between 0 and 100, where 0 was the worst possible and 100 the best possible score.
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To determine the relative importance of straylight on quality of vision compared with visual 

acuity, binocular straylight and visual acuity were correlated with subjective assessments 

(questionnaire score) of the patients. The correlations were calculated with different weight ratios 

of straylight and visual acuity. In consecutive calculations, the ratio between straylight:visual 

acuity ranged from 64:1 to 1:64 for visual acuity and straylight, respectively. For example, if the 

visual acuity:straylight ratio was 64:1, the visual function was defined as 64 x visual acuity value + 

1 x straylight value. The correlations between the questionnaires and the different visual acuity 

and straylight weight ratios were compared with the correlation value of the NEI-VFQ-39 and 

visual acuity (the gold standard) because the NEI-VFQ-39 is validated for its correlation with visual 

acuity in patients with age-related cataract.31 Improvement or deterioration in the correlation 

values that took both straylight and visual acuity into account was compared with the correlation 

value that took only visual acuity into account. This gave an indication of the relative influence of 

straylight on quality of vision compared with the influence of visual acuity.

Statistical analysis

Data were analyzed using statistical functions in Microsoft Office Excel 2003 software (Microsoft 

Corp.). Correlations were calculated using normal regression analysis. Regression lines plotted in 

the figures are the major axis regression lines.

reSultS

The population consisted of 217 patients who had a preoperative assessment for cataract surgery 

(187 at Zonnestraal Eye Hospital; 30 at Onze Lieve Vrouwe Gasthuis Hospital) with a mean age of 

72 years ± 9.12 (SD) (range, 29 to 90 years). Cataract surgery was performed in both eyes of 129 

patients (258 eyes). Surgery was performed in 1 eye of 62 patients, of which 12 were pseudophakic 

in the other eye. All cataract extractions were uneventful. Twenty-six patients did not have an 

operation because the treating ophthalmologist or patient decided cataract surgery was not yet 

indicated.

relationship Between Visual acuity and Straylight

A complete set of visual acuity and straylight data was available for 420 preoperative eyes. In 

keeping with the focus of this article (ie, to determine whether visual acuity and straylight behave 

independently), the preoperative data of all included eyes are shown in Figure 7.1. The mean 

straylight in the preoperative population was 1.55 ± 0.29 log(s) and the mean CDVA, 0.28 ± 0.21 

logMAR. There was little correlation between visual acuity and straylight (R2 = 0.08) (Figure 7.1). In 

Figure 7.1, the red lines divide the population into 4 subgroups as follows: (I) normal visual acuity 

and straylight; that is, no indication for surgery; (II) normal visual acuity, increased straylight; that 

is, straylight is the only indication for surgery; (III) deteriorated visual acuity, normal straylight; 
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that is, visual acuity is the only indication for surgery; (IV) deteriorated visual acuity and increased 

straylight; that is, both visual acuity and straylight are indications for surgery. Figure 7.1 shows 

the preoperative data of all included eyes; the figure also contains data of study eyes that 

did not have cataract extraction.

Figure 7.1 Straylight in log(s) as a function of visual acuity in logMAR of the preoperative population (420 
eyes). The dashed lines represent the presumed normal visual acuity value of healthy eyes (0.00 logMAR; 
“normal visual acuity”) and the normal straylight value of young healthy eyes (0.94 log(s); “normal straylight”). 
The red lines represent the values of visual acuity (visual acuity = 0.30 logMAR; “2 × worse visual acuity”) 
and straylight (straylight = 1.44 log(s); “straylight +0.5”), when patients frequently start to experience serious 
hindrance from diminished visual functioning and cataract surgery could be indicated. These red lines divide 
the population in 4 subgroups as discussed in the Results section. The black line is the major axis regression 
line between visual acuity and straylight, R2 = 0.08 (ETDRS = Early Treatment Diabetic Retinopathy Study; SL 
= straylight; VA = visual acuity).

Postoperative Improvement in Visual acuity and Straylight

Table 7.2 shows the mean preoperative and postoperative values and the postoperative 

improvement in CDVA and straylight in the 4 subgroups of eyes that had cataract extraction (n 

= 309). Table 7.3 shows the mean preoperative and postoperative values and the postoperative 

improvement in the NEI-VFQ and the straylight questionnaire scores in the 4 subgroups (n = 309 

eyes).

Figure 7.2 shows the postoperative improvement as a function of the preoperative value for 

straylight (ie, preoperative value minus postoperative value). Straylight improved in 221 eyes 

after surgery; however, it worsened in 32 eyes. Five eyes had no change. The mean postoperative 
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Table 7.3 Mean preoperative and postoperative values and the postoperative improvement in the validated 
39-item National Eye Institute Visual Function Questionnaire (VFQ) and the straylight questionnaire (SLQ) in 
the four subgroups, with different ‘indications’ for surgery. 

I:  Normal CDVa 

and Sl

(CDVa<0.30, 

Sl< 1.44)

II: normal CDVa, 

increased Sl

(CDVa<0.30, 

Sl> 1.44)

III: deteriorated 

CDVa, normal Sl

(CDVa>0.30, 

Sl< 1.44)

IV: deteriorated CDVa, 

increased Sl

(CDVa>0.30, 

Sl> 1.44)
No. of eyes (%) 71 (23%) 106 (34%) 32 (10%) 100 (32%)

VFQ SLQ VFQ SLQ VFQ SLQ VFQ SLQ

Pre-operative

Mean ± SD 

80.3 ± 

13.3

63.3 ± 

15.9

79.8 ± 

17.4

63.1 ± 

15.6

80.6 ± 

12.5

64.2 ± 

18.7

78.6 ± 

17.4

64.8 ±

 19.2

Post-operative

Mean ± SD

91.1 ± 

7.2

74.5 ±

 17.0

93.3 ±

 5.1

75.1 ± 

16.8

93.3 ±

 5.4

76.9 ± 

21.5

89.5 ± 

10.1

74 ±

 20.9

Post-operative 

improvement 

Mean ± SD

10.8 ± 

9.9

10.4 ±

 17.9

10.8 ± 

10.1

11.6 ± 

18.5

12.9 ± 

12.1

12.8 ± 

18.1

9.7 ± 

10.5

8.2 ±

 19.1

Only operated eyes for which all data were available are included (n=309 eyes).  CDVA = corrected distance 
visual acuity, SL = straylight, SD = standard deviation. 

Table 7.2 Mean preoperative and postoperative values and the postoperative improvement in CDVA 
(logMAR) and straylight (log(s)) for the four subgroups (based on indications for surgery). 

I:  Normal CDVa 

and Sl

II: normal CDVa, 

increased Sl

III: deteriorated 

CDVa, normal Sl

IV: deteriorated CDVa, 

increased Sl
No. of eyes (%) 71 (23%) 106 (34%) 32 (10%) 100 (32%)

Parameter CDVA<0.30 SL<1.44 CDVA<0.30 SL>1.44 CDVA>0.30 SL<1.44 CDVA>0.30 SL>1.44

Pre-operative

Mean ± SD 

0.18 ± 

0.07

1.29 ± 

0.11

0.19 ± 

0.07

1.68 ± 

0.17

0.42 ± 

0.14 

1.26 ± 

0.14

0.47 ± 

0.19 

1.74 ± 

0.21

Post-operative

Mean ± SD

0.01 ± 

0.08

1.18 ± 

0.24

0.00 ± 

0.07

1.23 ± 

0.07

0.04 ± 

0.10 

1.24 ± 

0.18

0.03 ± 

0.10 

1.26 ± 

0.20

Post-operative 

improvement

Mean ± SD

0.17 ± 

0.10

0.11± 

0.24

0.19 ± 

0.09

0.44 ± 

0.27

0.38 ± 

0.18 

0.01 ± 

0.23

0.44 ± 

0.22

0.48 ± 

0.29

Only operated eyes for which all data were available were included (n=309 eyes).  CDVA = corrected distance 
visual acuity; SL = straylight; SD = standard deviation. 
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improvement in straylight was 0.31 ± 0.32 log(s) (range, −0.50 to 1.27) (R² = 0.57). For straylight, 

the breakeven point was a preoperative value of 1.29 log(s). The correlation between overall 

straylight measurements and the straylight questionnaire scores was r = −0.26, which was 

statistically significant (P <.001). In patients with preoperative normal visual acuity and increased 

straylight (Group II), the improved straylight correlated with an improvement in the postoperative 

visual quality questionnaire scores (change on NEI-VFQ = 10.8; change on straylight questionnaire 

= 11.6). Both improvements were statistically significant (P < .001). However, the correlation 

coefficient between the postoperative straylight improvement and each of the results did not 

reach significance.

The postoperative CDVA improved in 247 eyes, did not change in 3 eyes, and worsened in 8 

eyes. The mean postoperative improvement in CDVA was 0.26 ± 0.20 logMAR (range, −0.12 to 

1.12 logMAR). The coefficient of the relation improvement logMAR – preoperative logMAR (ie, 

improvement logMAR versus preoperative logMAR) was R² = 0.58. The breakeven point for 

visual acuity was a preoperative visual acuity of 0.06 logMAR.

Visual function: Visual acuity and Straylight

Figures 7.3 and 7.4 show the relative correlation between the NEI-VFQ-39 and the straylight 

questionnaires. In Figures 7.3 and 7.4 at  x = 1, straylight and visual acuity are weighed equally 

(1:1). Each step to the left doubles the weight of the straylight value compared with the visual 

acuity value (2:1, 4:1, 8:1, 16:1, 32:1, and 64:1) and each step to the right doubles the weight of the 

visual acuity value compared with that of the straylight value. In Figures 7.3 and 7.4, a y-value of 1 

Figure 7.2 Postoperative improvement in straylight as a function of preoperative straylight values. Each eye 
plotted (n = 258) is from patients who had surgery in both eyes (SL = straylight).
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Figure 7.3 The relative correlation between questionnaires (NEI-VFQ = diamonds, SL-Q = squares, NEI-VFQ + 
straylight = triangles) and relative weight of (binocular visual acuity + straylight) as a function of relative weight 
of (binocular visual acuity + straylight) in the preoperative situation (n = 201). The correlation values have been 
normalized to the correlation between NEI-VFQ-39 and visual acuity. Note that the y-axis represents relative 
R values because all R values have been normalized to the R value between visual acuity and NEI-VFQ-39. The 
maximum in correlation ratio is found when visual acuity and straylight are counted about equally (1:1) and the 2 
questionnaires are combined (correlation ratio = normalized to NEI-VFQ versus visual acuity; Q = questionnaire; 
SL = straylight; VA = visual acuity).

Figure 7.4 The relative correlation between questionnaires (NEI-VFQ = diamonds, straylight questionnaire [SL-
Q] = squares, NEI-VFQ + straylight = triangles) and relative weight of (binocular visual acuity + straylight) as a 
function of relative weight of (binocular visual acuity + straylight) in the postoperative situation (n = 147). The 
correlation values have been normalized to the correlation between NEI-VFQ-39 and visual acuity. Note that 
the y-axis represents relative R values because all R values have been normalized to the R value between visual 
acuity and NEI-VFQ-39. The maximum in correlation ratio is found when visual acuity and straylight are counted 
approximately equally and the 2 questionnaires are combined (correlation ratio = normalized to NEI-VFQ versus 
visual acuity; Q = questionnaire; SL = straylight; VA = visual acuity).
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indicates that the correlation is the same as the correlation between NEI-VFQ-39 and visual acuity. 

A y-value larger than 1 indicates that the correlation between the different weight ratios of visual 

acuity and straylight with the questionnaires is better than the correlation between NEI-VFQ-39 

and visual acuity, meaning that the level of subjective visual functioning can  be better assessed 

when straylight is also taken into account, as well as visual acuity.

Figure 7.3 shows the different correlations for all preoperative patients who completed both 

the NEI-VFQ and straylight questionnaires and had visual acuity and straylight measurements 

(201 patients). The maximum in correlation ratio is found when straylight and visual acuity are 

taken into account at a ratio between 1:1 and 1:2. The different correlations for all postoperative 

patients who completed both the NEI-VFQ and straylight questionnaire and had visual acuity and 

straylight measurements (147 patients) are shown in Figure 7.4. The maximum in correlation ratio 

is found when straylight and visual acuity are taken into account at a ratio between 1:1 and 1:2.

Postoperative Improvement in overall Vision

Figure 7.5 shows the postoperative improvement in the combined straylight and visual acuity 

value as a function of the preoperative combined straylight and visual acuity values in both eyes 

of patients who had bilateral surgery. The mean improvement in overall vision was 0.35 ± 0.16 

log (range, −0.09 to 0.77 log), which is more than the mean improvement in straylight and visual 

acuity separately (R² = 0.59). All patients except 2 had improved overall vision. The breakeven 

point for overall vision was a preoperative value of 0.65 log.

Figure 7.5 Improvement in overall vision [(binocular visual acuity + binocular straylight)/2] as a function of 
preoperative overall vision. Each plotted eye (n = 258) is from patients who had surgery in both eyes.
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DISCuSSIoN

The results in this study show that straylight and visual acuity behave quite independently and 

that each contributes to the overall quality of vision. Preoperatively and postoperatively, straylight 

and visual acuity contributed a nearly equal amount to subjectively experienced quality of vision, 

as documented by the NEI-VFQ-39 and straylight questionnaire scores. After cataract surgery, 

the mean visual acuity and straylight improved (by 0.26 logMAR and 0.31 log[s], respectively); 

however, improvement in overall vision (taking both visual acuity and straylight into account) 

exceeded that of visual acuity and straylight separately (0.35). To better predict postoperative 

improvement after cataract surgery, we believe straylight measurement would be a clinically 

useful tool.

Studies1,2 have shown improved visual acuity after cataract surgery. In our study, visual acuity 

improved in the majority of eyes. However, the time and energy spent on determining the best 

possible refraction are likely to be less preoperatively than postoperatively. This misbalance may 

lead to overestimation of the effect of surgery. Eyes that did not improve or even deteriorated 

postoperatively usually had good preoperative visual acuity. Quintana et al.2 found that 

preoperative visual acuity is a significant predictor of postoperative visual acuity. Furthermore, 

they also showed that patients with good preoperative visual acuity (>0.6 Snellen) were 

inappropriate candidates for cataract surgery because the predicted postoperative improvement 

in visual acuity was not significant.2 The results in this study show that eyes with impaired visual 

acuity have a significant chance of improvement. In our population, it was possible to determine 

a breakeven point value of 0.06 logMAR, which corresponds to Snellen acuity of 20/22; eyes with 

better preoperative visual acuity had little or no postoperative improvement.

Opacification of the crystalline lens does not only influence visual acuity, it also increases the 

amount of intraocular straylight.5,6,9,10,14,16 By removing the cataract and replacing it with a 

clear IOL, straylight levels might be expected to improve to levels in young healthy eyes (0.94 

log[s]).9,10 Studies9,10 report significant differences in straylight values between eyes with cataract 

and pseudophakic eyes. In most eyes in our population, cataract surgery significantly improved 

straylight and visual acuity values, although a substantial number of patients had a deterioration 

in straylight after surgery. The mean postoperative straylight in our patients who had surgery 

in both eyes was 1.22 log(s). The reason some pseudophakic eyes deteriorate in straylight 

postoperatively or do not improve to the extent in young healthy eyes is unknown, and further 

research is necessary. A possible explanation is that in elderly eyes, in addition to opacification 

of the crystalline lens, several other factors contribute to straylight, such as increased scattering 

in other optical parts of the eye (cornea or vitreous), the effects of the IOL or the remaining 

lens capsule, increased transmission of light through the iris and sclera by age-related 
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pigmentation changes, and reflection of light on the fundus by loss of melanin in the retinal 

pigment epithelium.9,10,16 These contributions to straylight remain present after cataract surgery; 

therefore, improvement that reaches the straylight level in the young healthy eye may not always 

be achieved.9 Increased postoperative straylight levels can also be caused by intraoperative or 

postoperative complications, such as residual posterior capsule opacification, intraoperative iris 

trauma, or persistent corneal edema.34,35 However, in our study population, these complications 

were absent. In a considerable number of our eyes, the straylight level increased compared with 

preoperative values, which can only be attributed to the surgical intervention. Perhaps other 

components of the eye did not respond well to surgery in these cases.

Postoperative straylight improved in 85% of our population. The correlation coefficient (R² = 

0.57) showed that high straylight values preoperatively predicted significant improvement after 

cataract extraction. In eyes with normal to low straylight values, no or slight improvement is 

expected. Most eyes with deteriorated straylight had a low preoperative straylight value (<1.44 

log[s]). In this study, a classic decision-making process involving only visual acuity and not 

involving straylight was used to determine whether to perform surgery. This may explain why 

visual acuity improved in a relatively high number of cases in our study. If straylight were used as 

an inclusion criterion, the same may be expected for straylight.

When visual acuity and straylight are combined as overall visual function in the preoperative 

condition, 10% of eyes deteriorated postoperatively. This must be compared with the 4% and 

15% of eyes that showed no change or deterioration in postoperative visual acuity and straylight, 

respectively. Preoperative selection of patients in this study was based exclusively on visual 

acuity, which explains the good postoperative visual acuity result. However, this study has 

shown that overall visual function entails more than just visual acuity and that straylight must 

also be taken into account when considering quality of vision. Neither straylight nor overall visual 

function was a preoperative consideration in our population. When these are considered, the 

postoperative results show that a relatively large proportion of the population did not benefit 

from cataract extraction. Preoperative predictability of a good functional outcome will increase 

when overall visual function (ie, both visual acuity and straylight) is taken into account instead 

of visual acuity only because if no improvement in straylight occurs, it may occur in visual acuity 

and vice versa, resulting in improved postoperative overall visual function.

So what to do with patients with cataract and good preoperative visual acuity who still have 

subjective visual complaints? These patients may require more extensive preoperative 

counseling because visual acuity measurement alone often is insufficient to fully understand the 

patient’s symptoms.3–5,7,9,10,12,13 Cataract extraction in these patients might still be considered if 

there is another form of visual impairment, such as an increased straylight level.
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The decision when to perform cataract surgery involves clinical examination, additional research, 

and evaluation of patient complaints. Nonetheless, regional variations in the rate of cataract 

extraction exist.1–4 It is often uncertain which thresholds or vision tests are used in surgical 

decision making.3 A study by Quintana et al.2 attempted to identify appropriate patients for 

cataract extraction by creating decision trees based on preintervention visual acuity and surgical 

complexity. However, the discriminative ability of those models remained modest, suggesting 

that other factors that were not included in the models also play important roles.2

Our study aimed to determine an additional objective parameter that would be useful in the 

preoperative decision-making process to improve the chance of good postoperative results. 

Breakeven points for visual acuity, straylight, and overall vision were determined. For clinical 

purposes, a 50% chance of improvement might not be enough to merit performing surgery 

because the expected benefits of an intervention have to exceed its risks and complications by 

a sufficiently wide margin to justify performing it (RAND definition).2 However, the breakeven 

point can be adjusted according to the desired postoperative outcome. For example, the aim can 

be at least a 50% chance of improving 2 lines on a letter chart. Each improvement of 1 line on an 

ETDRS letter chart equals 0.10 logMAR improvement; thus, an improvement in visual acuity of 

0.20 logMAR would be required. Therefore, the preoperative visual acuity should be 0.24 logMAR 

or worse. The same can be calculated for straylight; when preoperative straylight is 1.46 log(s), a 

50% chance of 0.2 log(s) improvement can be expected. For overall vision, a preoperative value 

of 0.79 log predicts a 50% chance of 0.2 log improvement after surgery. In this way, preoperative 

vision values can be used to predict postoperative visual outcomes.

To conclude, at present, preoperative considerations regarding cataract extraction are 

mainly based on distance visual acuity1–3,7; patient-perceived visual function may also be an 

important consideration.1,2,7 Subjective visual function can improve after cataract surgery even 

when the preoperative visual acuity is 20/20 (0.00 logMAR) or better. This is because visual 

function is determined not only by visual acuity but also by other independent parameters 

(eg, straylight).5–7,9,10,13,14 However, for an additional objective value to be of use for clinicians 

in the preoperative decision-making process, it has to be clinically relevant, scientifically valid, 

standardized, easy to measure, and correlate with the patient’s symptoms.2,3,13 Straylight 

is assessed easily in the clinic and was found to contribute nearly the same amount as visual 

acuity to subjective visual quality of life preoperatively and postoperatively, as measured by 

questionnaires. Straylight measurements are objective, while visual acuity measurements are 

more subjective and can be influenced by stimulating the patient and the accuracy of refraction. 

The results in our study indicate that using straylight in addition to visual acuity will improve the 

preoperative decision-making process for cataract surgery.
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aBStraCt

objectives

To quantify the effect of the capsulorrhexis on straylight and to determine optimal capsulorrhexis 

size. 

methods

Fifty-six pseudophakic eyes with intact capsulorrhexis were included in the study. Straylight 

was measured with a straylight meter before and after pupil dilation. Capsulorrhexis and pupil 

diameter were measured and opacity of the anterior capsule was graded (on a scale of 0-5) with 

the slitlamp. Capsulorrhexis size and opacity were compared with the difference in straylight 

values between natural and dilated pupils.

results

The mean capsulorrhexis diameter was 4.5 mm (range, 2.9 - 6.2 mm). Most anterior capsular 

rims were opaque in the area of contact with the intraocular lens (62.5% higher than grade 1). 

Mean straylight before pupil dilation was log(s) = 1.25 (range, 0.68 - 2.13), which increased to 

1.46 (range, 0.88 - 2.22) after pupil dilation, which corresponds to a 62% increase (P < 0.0001). The 

effect of capsulorrhexis size and opacity on the increase in straylight in scotopic conditions can 

be quantified by the following formula: ∆s = 19 x (grading of anterior capsular rim) x (fraction of 

pupil area covered by rhexis).

Conclusions

The influence of size and opacity of the capsulorrhexis via straylight is described in a quantitative 

model. Capsulorrhexis size must be greater than 4 mm to prevent functional problems at night. 
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INtroDuCtIoN 

Cataracts can lead to reduced quality of vision via increased disability glare, which can be 

improved by cataract extraction.1-5 A cataract extraction should lessen glare and avoid iatrogenical 

induction of new causes of undesirable visual symptoms.4 Disability glare was found to be the 

direct result of straylight; thus, the International Standards Committee defines disability glare as 

straylight.6 Many pseudophakic eyes have improved straylight values compared with eyes with 

cataract and even healthy eyes of patients of the same age.2,7 Nevertheless, among patients with 

pseudophakia, disability glare may persist.3,7-10 

The concept of glare is not always clearly defined and may apply to many different conditions.11 

Presence and intensity of glare are subjectively experienced and strongly dependent on the 

visual environment.11 Glare testers typically measure the effect of glare on perception, which 

is dependent on specific measurement conditions.12 This has made reliable glare testing in 

clinical use difficult and results of these tests often unreliable and hard to compare.11,13 With the 

introduction of an improved version of the straylight meter (C- Quant; Oculus GmbH, Wetzlar, 

Germany), a clinically useful instrument has become available to objectively document and 

quantify straylight values and thus disability glare.12,13 Results of straylight measurements taken 

via the straylight meter correlate well with the unfavorable effects of glare on perception.12

Among patients with pseudophakia, increased straylight values compared with those found in 

healthy, young eyes are frequent.2 Because glare sensitivity after cataract surgery is infrequently 

studied, the causes of the continued increase in straylight in pseudophakic eyes are not 

well understood.2 Anterior and posterior capsule fibrosis are supposed to play a major role in 

postoperative quality of vision, as well as diameter and configuration of pupil and capsulorrhexis, 

type of intraocular lens (IOL), and opacities in other ocular media.3-5,7,9,10,14-18 

The capsulorrhexis and opacity of the remaining anterior capsule may contribute considerably 

to glare postoperatively.14,18,19 Numerous studies have been performed to determine the ideal 

capsulorrhexis diameter.19-23 A large capsulorrhexis may contribute to increased posterior capsule 

opacity and posterior capsule wrinkling.18, 20, 21 An eccentric or too-large capsulorrhexis that 

does not cover the peripheral IOL optic may also cause troublesome visual symptoms owing 

to light-scattering by the bare edge of the optic.18 However, a smaller capsulorrhexis makes 

cataract removal and proper IOL placement more difficult.20, 22 Although patients with a small 

capsulorrhexis (4.5-5.0 mm) were shown to have better visual performance postoperatively than 

patients with a large capsulorrhexis (6.0-7.0 mm), a small capsulorrhexis may further contract and 

lead to increased glare.19,20,24 Visual acuity (VA) effects are usually small, but a decrease in VA may 

result from capsular phimosis or obliteration of the pupillary area by capsule contraction. 
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By means of the straylight meter, it is now possible to study, in a precise manner, straylight effects 

of the capsulorrhexis. Such study may reveal an optimal capsulorrhexis size in a functional manner. 

This study was designed to determine the effect of size and opacity of the anterior capsulorrhexis 

on postoperative straylight and thus disability glare in patients with pseudophakia. 

methoDS

Straylight measurements were performed prospectively in 47 consecutive patients with 

pseudophakia (56 eyes). All patients had undergone uncomplicated phacoemulsification 

with implantation of a posterior chamber IOL in the capsular bag. In all patients, a continuous 

curvilinear capsulorhexis (CCC) was performed as part of the phacoemulsification procedure. 

A foldable aspheric IOL (Acrysof SN60WF or SA60AT IOL; Alcon, Hünenberg, Switzerland) was 

implanted in the capsular bag after irrigation and aspiration of the cortical remnants. Exclusion 

criteria were other ocular conditions, especially corneal or vitreous opacities, pupil abnormalities, 

posterior capsule opacification, intraoperative complications that result in a damaged CCC, and 

decentered implants.

Straylight measurements and slitlamp examinations took place at a median time after cataract 

extraction of 49 days (10% - 90% interval, 8-539 days). Pupil diameter was measured with 

a standardized template in increasing steps of 0.5 mm under ambient lighting conditions, 

correspondent to the light level in the straylight meter. Best-corrected VA (BCVA) was determined 

with the Early Treatment of Diabetic Retinopathy Study chart (which measures logMAR acuity), 

in accordance with the modified Early Treatment of Diabetic Retinopathy Study protocol.25-27 

Straylight measurements were achieved in accordance with the compensation comparison 

principle, by means of the straylight meter.13 The pupils were then dilated with tropicamide and 

phenylephrine eyedrops. Thirty minutes later slitlamp examination was performed. Horizontal 

and vertical diameters of the capsulorrhexis opening were measured in steps of 0.1 mm by means 

of the adjustable ruler on the slitlamp. A semi-quantitative (range, 0-5) slitlamp grading of the 

opacity of the anterior capsular rim was recorded, with 0 indicating clear; 1, mild opacification; 

2, moderate diffuse opacification; 3, moderate diffuse opacification with areas of intense 

opacification or capsular folding; 4, intense opacification with capsular folding; and 5, densely 

white opacification with capsule contraction and/or capsular phimosis that obscures details of 

posterior intraocular structures.8,28,29 Funduscopy of the posterior segment was performed and 

the presence and amount of vitreous opacities documented. Straylight measurements were 

repeated. 
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With the straylight meter the task of the patient is a series of short forced-choice comparisons 

between 2 flickering fields.13, 30 The amount of straylight is expressed in the straylight parameter, 

s, usually given as the logarithm, log(s). The parameter will be expressed in this manner, unless 

otherwise stated. Higher log(s) values indicate more straylight and more sensitivity to glare. Only 

reliable measurements defined as an expected standard deviation (ESD) less than 0.1 log unit 

were included, which results in actual repeated-measures standard deviations of approximately 

0.07 log unit. 

A model was formulated to relate the difference in straylight measurements between natural 

and dilated pupils to capsulorrhexis size and opacity. Somewhat simplified, the model can be 

explained as follows. Note that straylight relates to the fraction of light that is scattered. To be 

precise, the straylight parameter is defined as the point spread function (usually limited to the 

part > 1º) multiplied by the angle squared.31 The point spread function is defined as the fraction 

of all light that originates from a point source that is scattered toward a position in visual space 

at some angular distance, per steradian. Suppose this product is a for the combination cornea-

IOL-posterior capsule (so, sundilated=a)31  and b for the capsulorrhexis alone. However, b contributes 

to only the part of the pupil covered by capsulorrhexis. The fraction covered is denoted F. If we 

further assume b to be proportional to the grade of opacification, then in dilation, sdilated= a + bF, 

and the difference in measured straylight can be modelled as follows: 

 sdilated - sundilated = bF= C x Grade x F,

with C a constant to be fitted to the data.

Procedures were approved by the Medical Ethical Committee of the Academic Medical Center in 

Amsterdam, where the study took place. Consent was obtained from all patients after explanation 

of the study procedures.

The data were analysed by means of SPSS statistical software, version 12.0.2 (SPSS Inc., Chicago, 

Illinois). Statistical analysis was performed by means of paired t-tests to compare increase in 

straylight before and after pupil dilation and Pearson correlation to compare VA and straylight. 

The threshold for significance was .05. When both eyes from some study participants are used as 

part of the sample, the eyes studied do not represent a true independent sample of the population 

because paired eyes may behave similarly to one other. This factor somewhat decreases the 

statistical power of the sample. This effect may be small and may not influence conclusions, but 

the only way to determine if the effect is important is to calculate statistics by means of general 

estimating equation models. In this case, because there were so few paired eyes and because 

the P values were not close to the threshold of significance, the influence was considered not 

important. 
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reSultS

The mean age of the patient population was 66.2 years (range, 31- 87 years). Mean BCVA was 

logMAR 0.2, (range, 1.6 to -0.1; Snellen VA fraction: mean, 20/30; range, 3/100 – 20/16). The mean 

pupil diameter before dilation was 2.8 mm (range, 2 – 4 mm). After dilation the mean pupil 

diameter became 5.7 mm (range, 3 – 7 mm). All IOLs were clear; none contained a great amount 

of glistenings or other opacities.

In 91% of eyes the margins of the capsulorrhexis could be seen only after pupil dilation. In 5 eyes 

a narrow edge of the anterior capsule was visible before pupil dilation. The capsulorrhexis was 

usually smaller than the dilated pupil (mean diameter of the CCC, 4.5 mm; range, 2.9-6.2 mm). 

Most anterior capsular rims were opaque in the area of contact with the IOL material, which leads 

to a white ring over the peripheral IOL optic (62.5% greater than grade 1; Table 8.1). 

Table 8.1 Incidence of Anterior Capsule Opacity

opacity Scale Score Patients With anterior

Capsule opacity, %

0 12.5

0.5 14.3

1 10.7

1.5 10.7

2 21.5

2.5 16.1

3 3.5

3.5 1.8

4 5.4

4.5 0

5 3.5

The mean straylight value before pupil dilation was a log(s) of 1.25 (range, 0.68 to 2.13; Figure 

8.1). The mean straylight value after pupil dilation increased to a log(s) of 1.46 (range, 0.88 

- 2.22; Figure 8.1). Forty-five eyes (80.4%) showed an increase in straylight after pupil dilation 

(Figure 8.1 and Figure 8.2). The mean increase in log(s) after pupil dilation was 0.21 log unit, 

which corresponds to a 62% increase in straylight. The increase in straylight after pupil dilation 

was statistically significant (paired t-test, P < 0.0001). No statistically significant relationship 

was found between straylight values and BCVA in our population (Pearson correlation, -0.174; 

2-tailed P = 0.200). Because only undilated eyes were considered, the range of straylight may 

not have been great enough to detect a correlation. To exclude the influence of postoperative 

corneal edema, a comparison was made between patients who were examined within 30 days 
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Figure 8.1 Comparison of straylight values in our population with pseudophakia before () and after (●) 
mydriasis as a function of age. The gray line represents normal age values, the solid black lines represent the 
borders of the 95% confidence interval. 
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Figure 8.2 Comparison of straylight values before (x-axis) and after (y-axis) pupil dilation. Eighty percent of 
patients showed an increase in straylight levels after pupil dilation. The solid line represents y = x.

2.5

2.2

1.9

1.6

1.3

1.0

0.7

0.4
0.4 0.7 1.0 1.3 1.6 1.8 2.2 2.5

Straylight With Natural Pupil logs

St
ra

yl
ig

ht
 in

 M
yd

ria
si

s 
lo

g s



136

Chapter 8  

8

after phacoemulsification (mean log(s), 1.35) and patients who were examined 30 days or longer 

postoperatively (mean log(s), 1.36). No significant differences in straylight values between these 

groups were found.

In Figure 8.3 the difference in the s value between dilated and undilated pupils is shown and 

fitted with the model function explained in the “Methods” section. The constant C that relates the 

straylight value to the capsulorrhexis grade was found to be 19. 

Figure 8.3 Correlation of the difference in straylight (∆s) between natural and dilated pupils with the 
product of anterior capsule opacity and portion of pupil area covered by the anterior capsular rim. The solid 
line represents the total linear regression fit. 
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DISCuSSIoN

Studies have been performed with pseudophakic eyes to determine which factors influence 

quality of vision postoperatively. However, straylight-dependent symptoms occur separately 

from VA-associated symptoms.2,3,8 Statistically, some relation between VA and straylight may 

occur in the population because media disturbances can be expected to affect both VA and 

straylight, although probably not to the same degree. In our population the relation did 

not reach statistical significance, in correspondence with earlier research that shows a weak 

relationship.2 This information stresses that straylight results from different processes than VA. 

Because straylight measurement rests on an equalization test, VA cannot in a causative sense 

influence the result of a straylight test. During straylight measurement, the patient observes 
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which of two test fields shows more flicker. The point of identity between these two test fields is 

not influenced by VA. Identity remains the same, independent from VA. This has been verified in 

laboratory experiments (van den Berg, September 1990, unpublished data). It must be stressed 

that straylight is an aspect of visual function, although the term straylight might suggest it to be 

a purely optical entity. Straylight assesses the strength of the hindering spreading of light as seen 

by the person. However, it is the spreading at relatively large angles (typically > 1º) as opposed 

to the spreading of light that governs VA and contrast sensitivity (in the range of minutes of 

arc). It governs disability glare and in general the quality of vision in most visual scenes because 

of the general prevalence of large luminosity differences in that type of scene.32 Both VA and 

contrast sensitivity do not take that factor into account. In extreme cases of media turbidity both 

domains of light spreading may overlap, and the distinction gets lost. Normally, straylight is 

an independent aspect of visual function. A study33 of 2422 drivers investigated the ways that 

straylight measurements relate to lens opacity grading (Lens Opacities Classification System III), VA, 

contrast sensitivity, and self-reported impairments of visual function. From correlation analysis, it 

was found that straylight is a vision impairment not directly related to VA and contrast sensitivity, 

and, moreover, that if VA is known, contrast sensitivity has limited added value.33 As mentioned 

previously, this independence of straylight and VA may be understood from the underlying 

processes that govern both aspects of visual function. A VA assessment is not sufficient to assess 

the visual disability of a person and visual problems caused by straylight.2,3,5,8,15,34 Additional vision 

measures are required to understand the impact of vision loss on everyday life.34 The results of the 

large study33 of European drivers support this assertion. Straylight measurements are necessary 

to fully understand the subjective concerns of the patient.2 With the straylight meter it is possible 

to capture functional concerns, such as straylight and disability glare, in an objective parameter 

s.13 In this study, a functional model was developed that shows the effect of capsulorrhexis size 

and anterior capsule opacity on the parameter s. Figure 8.3 is a graphic representation of this 

functional model, as explained in the “Methods” section. 

The model function describes, in a quantitative sense, the way the difference in straylight before 

and after pupil dilation in pseudophakic eyes is dependent on the amount of opacity of the 

anterior capsular rim and size of the capsulorrhexis. In healthy, phakic eyes, straylight values 

remain approximately equal between natural and dilated pupils.31 However, among patients 

with pseudophakia, pupil dilation seems to play a significant role in increasing straylight as 

capsulorrhexis becomes visible in the pupil area and starts to affect visual function by the increase 

of intraocular light-scatter. When more of the pupillary area is taken up by the anterior capsular 

rim, this rim will contribute more to  the falling of scattered light into the eye in a proportional 

manner. The proportionality constant (b) will depend on the opacity of this rim. The proportionality 

constant was chosen as C x (grading of the rim), and the constant C was estimated to be 19. This 
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model supposes a directly proportional relationship between (subjective) grade and (objective) 

amount of straylight. Closer analysis of the data suggested that this relationship is nonlinear, with 

the higher grades giving relatively more (than proportionally) straylight compared with the lower 

grades. Because the improvement of the model fit shown in Figure 8.3 was small, the linear model 

is still a good approximation, and the nonlinearity was not included in the present model. The 

linear model gives an approximation of the expected differences in straylight values between 

natural and dilated pupils and is good enough to detect and quantify clinically relevant variation.

To implement this quantitative measure into ophthalmic practice, it is necessary to consider 

the known effect of an increase in straylight on visual performance. In healthy, young eyes the 

normal straylight value is approximately 0.87 log(s) (s = 7.4).2 With increasing age, the straylight 

value in healthy eyes may increase to approximately 1.17 log(s) (s = 15) at the age of 65 years.2 

This means a 2-fold increase in the straylight parameter (s). A large part of the otherwise-healthy 

elderly population accepts this increase and may not even realize its occurrence because 

the increase in straylight develops gradually.5,11 In Figure 8.3 the difference in the straylight 

parameter (s) between dilated and natural pupils is shown on the y-axis (∆s). With consideration 

of the described example, a ∆s of 15 would double the amount of straylight when the pupil 

is dilated compared with the normal value for a 65-year-old patient. This value (s = 30, which 

corresponds to log(s) = 1.47) is considered a limit value for safe driving because higher ∆s means 

more straylight and problems with disability glare.12,35 In accordance with the functional model, 

∆s is influenced by both grading of anterior capsule opacity and the area of the pupil surface 

covered by capsulorrhexis. This means that in ophthalmic practice, there are two ways to ensure 

a minimum of straylight concerns in patients with pseudophakia. First, polishing of the anterior 

capsule during phacoemulsification to minimize postoperative anterior capsule opacity may 

be performed routinely.36,37 Intraoperative cleaning of the anterior capsule may also help in the 

stabilisation of the size of the capsulorrhexis opening and prevent contraction.36

The second way to reduce postoperative straylight concerns is to ascertain that the 

capsulorrhexis does not occupy too much space in the pupillary area. The minimum diameter 

of the capsulorrhexis necessary to prevent the induction of extra straylight to the amount of a 

∆s of 15 can be determined with the model. In this study, the mean grade of anterior capsule 

opacity was 1.7, and the mean pupil diameter after dilation was 5.7 mm. When these values are 

taken into account, the model determines that at a capsulorrhexis diameter of 4 mm, doubling 

of straylight occurs. If we consider doubling to be an acceptable limit value, then capsulorrhexis 

diameter should be at least 4.0 mm to minimize the occurrence of serious postoperative straylight 

problems in scotopic light conditions.  In our study capsulorrhexis size was, as a rule, larger; this is 

why most points in Figure 8.3 cluster close to zero.
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Figure 8.1 shows that large variations in straylight exist among patients with pseudophakia 

before pupil dilation who therefore did not have anterior capsule involvement. Straylight 

increases with age in healthy eyes, mostly because of increased disturbances to optical 

media, such as cataracts.2 In pseudophakic eyes the effect of age on the amount of straylight 

is supposed to be less important because the disturbing cataract is removed. However, as can 

be seen in Figure 8.1, straylight values do not return to values of a young, normal eye. Some 

influence of age or surgery on pseudophakic eyes is thus assumed and should be clarified by 

further research.  Relationships between several intraocular factors and postoperative glare 

complaints were studied previously.3,5,7,10,15-17 Influences of IOL type, IOL strength and posterior 

capsule opacification on glare in patients with pseudophakia were shown.3,5,7,10,15-17 In this study 

two different types of IOL were included, both manufactured by Alcon and  made of acrylic. The 

SN60WF is a blue-blocker and corrects for some spherical aberration, whereas the SA60AT does 

not have these characteristics. The SN60WF is thinner than the SA60AT. A large range of IOL 

powers were included, which leads to (small) differences in IOL thickness as well. Although these 

characteristics should not affect forward scatter, some influence of these factors on straylight 

values cannot be excluded. Currently, these effects are being studied in-vitro. In our study none of 

the IOLs contained a great amount of glistenings or other opacities. When only a few glistenings 

are present, it is not likely to influence straylight values in a major way. This was experimentally 

established (unpublished data) with the set-up of the studies on straylight from human donor 

crystalline lenses38,39 and can theoretically be understood by means of the calculations that relate 

scatter (worst case; ie, isotropic) to straylight, as detailed earlier.40-42 Because in our study only 

paired measurements of the same eyes (before and after pupil dilation) were compared, the effect 

of the capsulorrhexis was isolated. Influences of other intraocular factors were considered more 

or less stable within each patient and were excluded from the functional model. The exclusive 

use of intraindividual comparisons also made the large variation in postoperative intervals and 

age in our study population acceptable. Separate studies that use the new straylight assessment 

technology should be performed to determine the importance of other intraocular factors on 

straylight levels. 

The functional pupil area in the elderly patient is limited because of age-related miosis.15 Although 

the effect of the anterior capsular rim may be negligible during the daytime, under scotopic 

lighting conditions it may become clinically relevant and lead to glare. Another possible source of 

increased straylight concerns postoperatively is a surgically damaged iris or pupil, which results 

in an oversized and/or poorly reacting pupil.4 Previous studies4,5,8,14,16  that focused on the effect of 

pupil diameter on glare perception in patients with pseudophakia found mostly that mean glare 

score increased significantly with moderate pupil dilation.The introduction of anterior capsule 
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opacities into the pupillary area is generally suggested to cause this effect.5,14 This effect was also 

shown in our study. It is important to protect the integrity of the pupil during surgery, and to 

allow it to constrict normally in bright light conditions postoperatively.8  

In summary, straylight concerns can be a source of dissatisfaction in otherwise satisfied patients 

with pseudophakia. Measurements with the straylight meter are clinically useful in the evaluation 

of visual dysfunction not detected by VA assessment. This measurement can be used to verify 

and better understand subjective concerns of glare disability. In this study it has been possible to 

document and quantitatively assess the influence of the anterior capsular rim on the postoperative 

occurrence of disability glare. Through a functional model, we have been able to determine the 

minimum diameter of the capsulorrhexis (4.0 mm) that is necessary to avoid the occurrence of a 

serious straylight increase under scotopic lighting conditions. 
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aBStraCt

In a patient with complaints of photophobia and an ocular deviation, straylight was found to 

be increased to 1.61 (log[s]), which is 5 times the normal value. The only relative clinical finding 

was the edge of a too small posterior capsulotomy. Visual acuity was normal. Six weeks after 

the posterior capsulotomy was widened to a diameter of 6.0 mm with a neodymium:YAG laser, 

the symptoms were resolved and the patient was satisfied. Straylight may manifest clinically as 

complaints of photophobia. Straylight increase, which can be related to slitlamp findings, may 

lead to an interventional decision. Our clinical decision-making was also guided by straylight 

measurements and proved to be crucial in resolving the patient’s complaints. More study of 

clinical situations in which straylight measurement can be used is needed.
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Photophobia, abnormal sensitivity or intolerance to light, is a complaint that accompanies many 

ocular diseases. The complaint can sometimes be translated as disability glare. Disability glare 

is typically encountered when optical imperfections of the eye cause the light in the eye to 

be scattered, causing a veil of bright light in the sight, and may be reported by the patient as 

photophobia.1 Disability glare is the reduction in visual performance caused by a glare source, 

which causes retinal contrast degradation secondary to intraocular straylight.2,3

The Commission Internationale de L’Eclairage (CIE) defines straylight as disability glare. The 

C-Quant straylight meter (Oculus Optikgeraete GmbH) measures straylight in the eye and provides 

information about the optical imperfections as the cause for disability glare. The instrument 

determines straylight according to the internationally accepted definition (CIE).3 The amount of 

straylight is expressed as the straylight parameter normally given as its logarithm, log(s) (compare 

logMAR).4 In young eyes, the mean log(s) is 0.94.5 The normal straylight values change with age. A 

doubling occurs at age 65, corresponding to a logarithmic increase of 0.3 (log[s] 1.24).

The straylight measurement is a forced-choice test in which the patient is offered a central 

light surrounded by a flickering glare source that increasingly extinguishes the central light. 

The test results are graphically displayed on the monitor and simultaneously placed within the 

population graph, allowing assessment of the patient’s straylight related to his or her age. The 

straylight has internal quality parameters, such as the estimated standard deviation, which allow 

monitoring of the quality of the measurements. The theory and practice of the technique have 

been described.1,2,4

Straylight is caused by structures within the eye. In the normal young eye, the cornea, the lens, 

and the rest of the eye each contribute a third to straylight. Straylight increases with age, primarily 

because of cataract.4 After uneventful cataract surgery, straylight should decrease unless other 

ocular structures, such as the capsular bag, the edge of the capsulorhexis, anterior capsular 

fibrosis, and posterior capsule opacification (PCO), contribute to straylight. We have reported 

that the capsulorhexis size and density are related directly to straylight.6  In this report, we show 

that increased straylight may lead to an interventional decision, such as increasing the posterior 

capsulotomy, with the expectation that straylight will decrease and patient complaints will be 

alleviated.

CaSe rePort

A 77-year-old patient complained of photophobia and a new squint in a pseudophakic eye. The 

patient’s ophthalmic history included a buckling procedure for retinal detachments in both eyes 

in the 1990s, cataract surgery with implantation of a monofocal acrylic foldable intraocular lens in 
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the bag in the right eye in 2002, followed by a neodymium:YAG (Nd:YAG) capsulotomy for PCO 

in 2005.

Since the Nd:YAG capsulotomy, the patient had noticed increasing photophobia in the right eye 

and intermittent exophoria of that eye, which slowly developed into a constant deviation. The 

uncorrected distance visual acuity was logMAR 0.20 (decimal 0.63) and the corrected distance 

visual acuity, logMAR 0.04 (decimal 1.0), with a refraction of 0.50 0.50 × 180. Findings in the 

examination of the right eye were pseudophakia with a small (2.0 mm) capsulotomy with dense 

borders and Elschnig pearls. The edges of the Nd:YAG capsulotomy were visible with an undilated 

pupil, but the capsulorhexis was not. The vitreous was clear, and the retina was scarred with a 

buckle in place. A small epiretinal membrane was visible in the macula. No other abnormality or 

reason for photophobia was found. Straylight measurements showed a log(s) increase to 1.61, 

corresponding to straylight intensity 5 times the young normal value.

The capsulotomy was widened to a diameter of 6.0 mm with an Nd:YAG laser. Six weeks after 

the capsulotomy, the patient commented that the effect was “miraculous.” Visual acuity was 

unchanged. Straylight had decreased to log (s) 1.01, which is less than the straylight in the best 

phakic 77-year-old eye. The deviation had returned to its intermittent character, and the patient 

was very pleased with the cosmetic result.

DISCuSSIoN

Complaints of photophobia can have many causes.7 In our patient, photophobia was caused 

by straylight secondary to a small posterior capsulotomy with edge opacities. The increase in 

straylight prompted the clinical decision to widen the Nd:YAG capsulotomy. This action alleviated 

the patient’s complaints. The improvement was substantiated by a decrease in straylight upon 

measuring. 

Healthy young eyes have low straylight levels, with a mean of log(s) = 0.94. With age, straylight 

increases, which is attributed primarily to cataractous changes in the lens.4 Cataract surgery 

usually decreases straylight postoperatively.4 However, even in pseudophakic patients, we 

can see increased straylight. This is related to the capsulorhexis size and anterior and posterior 

capsule opacification.6 Posterior capsulotomies have been shown to decrease straylight.8 

Until now, straylight has been a laboratory technique that is slowly gaining clinical ground. In 

this case report, we show that the size of the capsulorhexis is important clinically in causing 

debilitating photophobia secondary to straylight. More important, the case is a good example of 
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how straylight measurements may enhance our understanding of the patient’s complaints and 

may guide us in the treatment.

In conclusion, straylight secondary to posterior capsule changes may present itself clinically as 

photophobia and an ocular deviation. Clinical complaints and findings can be substantiated by 

measuring straylight before and after the procedure. More study of the clinical uses of straylight 

measurements are needed, but it appears that straylight measurements are slowly being 

implemented into clinical practice.
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aBStraCt

Purpose

Posterior capsule opacification (PCO) degrades visual function by reducing visual acuity, but 

also by increasing intra-ocular light-scatter. We used an in-vitro model to elucidate the effect 

of PCO-morphology on light-scatter and its functional aspect, as can be assessed with straylight 

measurement. 

methods

Forward PCO-scatter by opacified capsular bags was recorded with a goniometer and camera. 

The camera position mimicked the anatomical position of retinal photoreceptors; the camera 

recorded the scattered light that the photoreceptors would sense in an in-vivo situation. Scattered 

light was recorded at different wavelengths and scatter angles, which were divided into a near 

(1° < θ ≤ 7°) and far (θ > 7°) large-angle domain. Using scattered light, the camera produced 

grayscale PCO-images. The nature of the angular dependence of PCO-scatter was compared with 

that of scatter in the normal eye, by rescaling PCO-images relative to the normal eye’s point-

spread function.

results

The scattered light images closely followed PCO-severity. The angular dependence of PCO-scatter 

resembled that of scatter in the normal eye , irrespective of severity and PCO-type. PCO shows the 

type of wavelength dependence that is normal for small particles: monotonically decreasing with 

increasing wavelength. At the near large-angle domain, the angular dependence of PCO-scatter 

and scatter in the normal eye resembled less closely. 

Conclusions

Surprisingly, PCO-scatter and scatter in the normal eye have similar underlying scattering 

processes. However, data obtained at the near large-angle domain demonstrates that, apart from 

scatter, PCO may also have a refractile component, which is most pronounced in pearl-type PCO.
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INtroDuCtIoN

It is well known that posterior capsule opacification (PCO) impairs visual function. Several studies 

have assessed the negative effect of PCO on visual acuity (VA) and contrast sensitivity (CS), but 

there is limited correspondence between VA and the degree of visual impairment experienced by 

the PCO-patient.1-6 Recently, the repertoire of visual function tests was expanded by intraocular 

straylight measurement.7 Several studies have since assessed the importance of straylight 

in PCO.6;8;9 Substantial straylight elevations were found in PCO patients with good VA, which 

demonstrates that PCO affects VA and straylight quite independently.9 This finding confirms 

that visual function has two distinct functional domains: small-angle and large-angle,10 as will be 

detailed later in this section. Therefore, to assess visual function properly, different parameters 

relating to the functional domains must be tested. Another issue is that attempts to relate PCO 

severity, assessed by slitlamp observation or image evaluation software, to VA and straylight 

have not been very successful.1-3;5;6;11-13 This may be due to the fact that functional impairment 

is caused by forward light-scatter, whereas slitlamp evaluation of PCO severity is based on the 

amount of backward scattered light. Since backscattered light does not necessarily correspond to 

functional impairment, forward light-scatter should be assessed.14-17 We expect that both issues, 

(1) the independent effect of PCO on the visual function parameters VA and straylight, and (2) the 

lack of correspondence between PCO severity and visual function parameters, may be related to 

PCO morphology. Unfortunately, it is hardly possible to assess the effect of PCO morphology on 

visual function in-vivo.

Based on pathogenesis and cells of origin, there is a clinical differentiation between 2 

morphological forms of PCO, (regeneratory) pearl-type and fibrosis-type PCO.18 In addition, 

there are morphological differences within the pearl-type PCO, which adds to the morphological 

heterogeneity of PCO.19 The optical behavior of different PCO types may be diverse. Some optical 

characteristics may predominantly affect the small-angle domain of visual function, resulting in 

impaired VA, whereas others may predominantly affect the large-angle domain, resulting in an 

impaired straylight value. The present study focuses on straylight. 

Imperfections of the eye’s optical media cause aberrations and light-scatter, even in young, 

healthy eyes. As a result, the retinal image will not be identical to the original visual stimulus, 

and the quality of the retinal image suffers. A common way to address this visual degradation 

is to suppose that the visual stimulus is a single point of light. In the presence of optical media 

imperfections, the light intensity of its retinal projection will be spread out over the retina. The 

retinal projection will be a bright light spot in the center, surrounded by a zone of diminished 

light intensity (Figure 10.1, A-B). This light distribution on the retina is called the “point-spread 

function” (PSF). It comprehensively describes the eye’s optical quality. Figure 10.1C shows the PSF 
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for a healthy, young, Caucasian eye, according to the Commission Internationale de l’Eclairage 

(CIE)20; an International Commission on standards in vision (see http://www.cie.co.at/, accessed 

January 4, 2013). In this study, the PSF for a healthy, young, Caucasian eye will be referred to as 

the “normal PSF”. The relative light intensity of the light point is plotted as a function of visual 

angle (θ). The two functional domains mentioned above are shown in Figure 10.1C. The small-

angle domain is affected by aberrations, resulting in diminished sharpness of the retinal image 

and loss of contrast.10 This domain can be assessed by functional tests such as VA (VA of decimal 

1.0 corresponds to θ ≈ 0.02°) and CS (spatial frequencies of > 3.0 cycles per degree correspond 

to θ < 0.3°) and by optical approaches such as aberrometry and double-pass techniques. The 

large-angle domain is affected by light-scatter. Scatter affects vision predominantly because in 
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Figure 10.1 A retinal image of the outside world with a bright light originating from a car headlight, which 
is degraded by light-scatter in a normal (young, healthy) eye (A) and in an eye with media imperfections such
as PCO (B). Part of the bright light is scattered in all forward directions; its retinal projection is a bright spot 
surrounded by a spreading of light over the entire retina. The functional effect is a veil of light, which is called
straylight, projected all over the retinal image of the outside world. (C) The Point-Spread Function (PSF) for
a normal eye, according to the CIE standard. There are two domains of visual function, a small-angle domain
and a large-angle domain ( beyond 1°). In this study, the large-angle domain is divided into a near large-angle
domain (1° < θ ≤ 7°) and a far large-angle domain (θ > 7°).

A
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the retinal image, light from bright areas in the visual scene spreads towards dark areas. It results 

in a reduced retinal contrast, which is experienced by the subject as hazy vision and blinding. 

The corresponding functional impairment is called disability glare. Note that basic contrast 

sensitivity tests that are used in the clinical setting only assess contrast reduction caused by 

small-angle effects, such as aberrations. Contrast reduction caused by large-angle effects such 

as light-scatter, is not assessed by contrast sensitivity tests used in the clinical setting.10;21;22 By 

international consensus, disability glare is defined as straylight, because straylight was proven to 

predict disability glare precisely.23 Straylight can be assessed clinically with the C-Quant (Oculus 

GmbH, Wetzlar, Germany).

In-vivo it is difficult to isolate the optical characteristics of PCO from the optical influence of other 

parts of the eye. In addition to this, capsular bags with a homogeneous coverage of a single PCO 

type are scarce. In the present study, the light-scattering characteristics of PCO were studied in-

vitro with an optical set-up, which allows isolation of homogeneous PCO areas with a specific 

morphology. This optical set-up has been used previously to investigate forward light-scattering 

by the crystalline lens.24;25 A camera was used to document the light-scatter pattern, which in-

vivo would have been sensed by the retinal photoreceptors. The purpose of our study was to 

document the scattering characteristics in different PCO types, and to elucidate the impact of 

PCO morphology on the large-angle domain (straylight domain, visual angles beyond 1°) of visual 

function. 

methoDS

Human donor bulbi were used for this study. They were obtained from the Cornea Bank 

Amsterdam; only pseudophakic donor bulbi were selected. Information on the donor, such as 

ophthalmologic history, was not available. Only specimens with an intact capsule were included. 

As will be detailed later in this section, the specimens had to be representative of the in-vivo 

situation. Since the aim of this study was to document forward scattered light by PCO, there 

were no inclusion criteria concerning intra-ocular lens (IOL) type or dioptric power. Note that 

the refractive design of IOLs affects only the earlier mentioned small-angle domain. Small-sized 

irregularities, such as diffractive design, glistenings or Nd:YAG laser lesions of the IOL optic, could 

be expected to affect the large-angle domain. However, such irregularities were not present in 

the used specimens. IOLs potentially scatter due to less easily recognizable processes, of a more 

diffuse nature. It cannot be excluded that such processes played a role in specimens with clear 

capsules. Clear capsules always showed low level recordings. The precise level of these recordings 

cannot be assumed to represent faithfully the clear capsule. However, in the presence of PCO, 

PCO areas showed much more scatter as compared to clear areas, and PCO-scatter dominated 

over IOL processes.
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After the Cornea Bank Amsterdam had removed the corneoscleral disk for transplantation 

purposes, we isolated the specimens, which were capsular bags enclosing an IOL, from the 

bulbi. As capsular bags are fragile and easily damaged during preparation, many specimens had 

to be discarded. During the study, damage of the capsular bags was reduced by immersion of 

the bulbus in a fixative prior to  preparation and by improvement of the preparation technique. 

Initially, an immersion medium of phosphate-buffered saline (PBS) only was used, because it 

was unclear whether a fixative would affect the optics of the capsular bag tissue. It is important 

to assure tissue stability of unfixated specimens during the recording process. Therefore, at the 

end of the entire recording procedure the first recording was repeated and served as a quality 

control.24 During the study, the effect of a 1% paraformaldehyde/PBS fixative on the appearance 

of opacified capsular bags was studied. Immediately after immersion and also after 2, 4, 6, 8 and 

24 hours, the specimen’s appearance was carefully monitored using the darkfield microscopy 

set-up shown in Figure 10.2.26 After it was found that there were no discernible changes, the 1% 

paraformaldehyde/PBS solution was used to fixate the bulbi.

To isolate the capsular bag, the donor bulbus was put in an eye holder and positioned under a 

microscope. The initial preparation technique included removal of the iris, and cutting of the 

zonular fibers over 360°, at a position close to the ciliary body. The capsular bag was carefully 

lifted out using a spoon-shaped surgical spatula, and at the same time vitreous adhesions were 

removed. Later, we used a different preparation technique, which resembles the Miyake-Apple 

technique.27;28 After removal of the iris, a continuous 360° pars plana incision was made parallel 

to the limbus. This yielded a specimen of a capsular bag with IOL, attached by zonula fibers to 

a scleral rim approximately 2 mm wide. The specimen was carefully lifted out to avoid vitreous 

traction, and vitreous adhesions to the posterior capsule were removed. The specimen was then 

transferred to a Petri dish and was examined for free iris pigment and residual vitreous. Any 

pigment present was removed by rinsing the specimen in several Petri dishes with fresh PBS. 

After residual vitreous had been removed, the specimen was put in a clean Petri dish.  

Because it was important that the specimens corresponded closely to in-vivo capsular bags, 

all specimens obtained were carefully examined by experienced ophthalmologists (I.J.E.M. 

and B.L.M.Z.). For this purpose, the specimen was put under a microscope (Stemi SV 11 

stereomicroscope, Zeiss, New York, USA) (Figure 10.2). This set-up also included slitlamp 

illumination (not shown), corresponding to the observation technique used by ophthalmologists 

when examining capsular bags in-vivo. To ensure that the in-vitro microscope view corresponded 

to the in-vivo ophthalmologist view, the specimen was placed with the posterior side down. It 

was illuminated from an angle of 30° using a darkfield ring light (Schott AG, Mainz, Germany) 

fed by a cold light source (KL 1500 LCD, Schott AG, Mainz, Germany). In order to prevent small 
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surface imperfections of the Petri dish producing artefacts in the photomicrograph, the specimen 

was raised slightly by placing it on a small rubber ring (outer diameter 15 mm, inner diameter 10 

mm, thickness 2.5 mm). Color photomicrographs of the specimens were made using a digital 

camera (DSC-S75, Sony Electronics Inc., California, USA), mounted on the microscope.  The white 

Darkfield 
ringlight

Specimen
(Capsular bag with IOL)

Digital camera

φ

Specimen
orientation

Microscope

Darkfield 
ringlight

Specimen
(Capsular bag with IOL)

Digital camera

φ

Specimen
orientation

Microscope

Figure 10.2 Darkfield microscopy set-up (side view, not to scale) used to examine and photograph 
the specimens. A digital camera was mounted on the microscope. The specimens were placed under the 
microscope with its posterior side down and illuminated by a darkfield ring light.
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balance of the camera was carefully set using the illumination light reflected off a white standard 

(Spectralon® Diffuse Reflectance Standard SRS-99-010, Labsphere Inc., North Sutton, USA). 

Camera settings, such as shutter speed and focus distance were fixed. 

To image the light scattered by the specimen it was transferred to a goniometer set-up, which 

was previously used for studies on the crystalline lens.24;25 A top view representation of the set-up 

is shown in Figure 10.3. As a rule, the intensity of scattered light in human eyes is low. Therefore, it 

is essential to carefully control the amount of light scattered by sources other than the specimen, 

such as dust particles. A Hellma cell (700.000-OG, height 50 mm × width 50 mm × depth 10 

mm; Hellma GmbH, Müllheim, Germany) was meticulously cleaned with a Hellmanex® cleaning 

concentrate diluted in distilled water (concentration 1%; Hellma GmbH, Müllheim, Germany). 

Next, the cell was filled with PBS and placed in the goniometer set-up. A light-scatter baseline 

was measured. The maximum accepted value was log[s]= -1, corresponding to approximately 1% 

of the average amount of straylight in healthy, young eyes.25 The definition of “log[s]” is described 

elsewhere.25;29 The specimen was immersed in the PBS-filled cell. To remove the effects of surface 

reflections of the cell from the measurement, it was rotated by 13° from the θ= 0° position (Figure 

10.3). As may be expected, this had virtually no effect on the recordings of the specimen itself. To 

ensure that the amount of light scattered by the PBS-filled cell had not altered during the process 

of image acquisition, after each experiment the specimen was carefully removed and the light-

scatter baseline measurement was repeated.24 

In the goniometer set-up, light was emitted by a halogen light source and passed through an 

infrared blocking filter and a narrowband interference filter. Narrowband interference filters 

transmit a narrow range of selected wavelengths. Three narrowband (Full Width at Half Hight 

[FWHH] 10 nm) interference filters were used: red (peak wavelength of 661 nm), green-yellow 

(peak wavelength of 561 nm) and blue (peak wavelength of 440 nm) (Optics Balzers AG, Balzers, 

Liechtenstein). The 561 nm data are given unless otherwise noted. A circular area of the specimen 

with a diameter of 4 mm, which corresponds to an average photopic/mesopic pupil diameter, was 

illuminated. The posterior part of the specimen was oriented towards the camera. So, the incident 

light first reached the anterior capsule and then the posterior capsule, as it does in-vivo. The part 

of the incident light that is scattered in the forward direction by the specimen, was collected by 

a charge-coupled device (CCD) camera.30 The camera represents the in-vitro counterpart of the 

in-vivo retinal photoreceptors, which detect the light scattered towards the retina. The images 

obtained were grayscale images of scattered light. The amount of light collected by the camera 

is limited by the aperture diameter. In the set-up an aperture diameter of 3 mm was used and the 

distance from aperture to the specimen was 14 cm, this resulted in an aperture of 1.2° diameter.
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If the camera is positioned at θ= 0° (Figure 10.3), the light transmitted directly (non-scattered 

light) is collected. This can be compared with a clinical retrograde slitlamp image, although the 

direction of the light is reversed (because the fundus is used as a reflector). In a retrograde image, 

the differences in light intensity can result from differences in the amount of light scattered. At 

opacified areas, some of the incident light is scattered, so only a reduced amount of light will be 

detected at θ= 0°. As a consequence, opacified areas will appear as less intense, shadowy patterns 

in the retrograde image.

The specimen scattered the incident light in different forward directions. The scattered light was 

recorded by rotating the camera in the horizontal plane around the specimen and acquiring 

images at fixed scatter angles (θin air = -30°, -20°, -15°, -10°, -7°, -4°, +4°, +7°, +10°, +15°, +20° 

and +30°). In-vivo the scattered light projects towards the retina through the vitreous body, a 

medium with a refractive index of 1.336.31 The recording angles were corrected for this refractive 

index, resulting in visual angles of θ= -22°, -15°, -11°, -7°, -5°, -3°, +3°, +5°, +7°, +11°, +15°, +22°, as 

indicated by the black dots in Figure 10.1C. All these visual angles are beyond 1.0° and therefore 

concern the large-angle domain only. The visual angles θ= -7°, -5°, -3°, +3°, +5°, +7° are nearer 

to the small-angle domain than the angles θ= -22°, -15°, -11°, +11°, +15°, +22°. In this study the 

angles θ= -7°, -5°, -3°, +3°, +5°, +7° are indicated as the “near large-angle domain”, and the angles 

θ= -22°, -15°, -11°, +11°, +15°, +22° are indicated as the “far large-angle domain” (Figure 10.1C). 

Specimen
(Capsular bag with IOL)

Aperture

CC
D

φ
Black tube

Specimen orientation

φ=0º

visual angle 22º

g
Specimen

(Capsular bag with IOL)
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D

φ
Black tube
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φ=0º
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Figure 10.3 Goniometer set-up (top view, not to scale) used to obtain grayscale images of PCO. The posterior 
part of the specimen was oriented toward the camera. The camera served as the in-vitro counterpart of the in-
vivo retinal photoreceptors and recorded scattered light. The scattered light was used to produce grayscale 
images of PCO.
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The visual angles can be used to compare in-vitro and in-vivo light-scattering characteristics.25 For 

each specimen, all images obtained were combined in an image-set. 

For each scatter angle θ, the corresponding PSF value was calculated by dividing the amount of 

light collected at angle θ (Iθ) by the total amount of light passing through the specimen (Itotal), or 

PSF(θ)= Iθ / Itotal (1/steradian).25  Itotal was measured by positioning the camera at θ= 0° (Figure 10.3), 

and using a wide aperture of 10° diameter. As the light intensity collected at θ= 0° is high, there is 

a risk that the image will be saturated. To reduce the intensity by a factor of approximately 103, a 

calibrated neutral density filter was inserted in front of the infrared blocking filter.25 

In the normal PSF, the intensity diminishes as a function of θ, approximately as 1/θ2 (Stiles-

Holladay approximation for  θ> 1°).20 Because of the steeply declining scatter intensity, much 

light is collected at the smallest angles of this domain and the amount collected diminishes 

substantially with increasing angle. For example, at θ= 5° (1/θ2= 1/25) the light intensity would be 

about a factor 20 times higher than the light intensity at θ= 22° (1/θ2= 1/484). Without rescaling, 

the grayscale images collected at large angles would be very dark.  To obtain images of similar 

brightness, the light intensities of the images obtained were rescaled using the normal PSF.20 

So, at each angle the recorded PCO-intensities were divided by the corresponding PSF-intensity 

(black dots in Figure 10.1C). If, after this rescaling, intensity differences exist between the images 

of an image-set, these differences indicate how PCO-scatter differs from that of the healthy, 

young eye (normal PSF). Areas of relatively bright intensity indicate more light-scatter than the 

normal PSF, whereas dark areas indicate less light-scatter than the normal PSF. 

The angular and the wavelength dependence of scattered light can be used to assess the size of 

small scattering particles.15 In this study, the type of wavelength dependence of PCO-scatter is 

assessed using the three different peak wavelengths mentioned earlier in this section. The intensity 

of scattered light depends on particle size. Scattering by particles much smaller than the light 

wavelength has strong wavelength dependence and weak or no angular dependence, especially 

for the angular range investigated in this study. Larger particles have weaker or no wavelength 

dependence and strong angular dependence. In the earlier mentioned in-vitro studies on the 

human crystalline lens, the wavelength and angular dependence found was of intermediate 

strength, corresponding to particles of the same order of magnitude as wavelength.24;25 It should 

be noted that the wavelength dependence of retinal straylight has long been controversial. 

Although early in-vivo studies found no significant wavelength dependence,32;33 later in-vitro and 

in-vivo studies did demonstrate wavelength dependence.15;34;35 The weak effect found in the early 
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in-vivo studies was clarified as the result of opposing wavelength dependencies and relatively 

imprecise measurement techniques.15;34;35 

reSultS

In total, 59 specimens with capsule were obtained. As mentioned earlier, it was important that 

the specimens closely corresponded to in-vivo capsular bags, according to the assessment of 

experienced ophthalmologists (I.J.E.M. and B.L.M.Z.). This assessment identified 25 representative 

PCO specimens. Figure 10.4 shows photomicrographs of 8 of these specimens. The 8 specimens 

represent the morphologic variation that was found among the included 25 specimens. Specimen 

no. 8 in Figure 10.4 shows a nearly clear posterior capsule. The posterior capsule of specimen 

no. 3 is covered by a mild, diffuse PCO. The posterior capsule of specimen no. 6 has areas of 

mild, diffuse PCO and relatively clear areas. It also shows posterior capsule folds. Specimen no. 

1 shows fibrosis-type PCO, whereas specimens no. 2, 4, 5 and 7 show pearl-type (regeneratory) 

PCO. According to the ophthalmologists, the PCO severity in specimens no. 2, 4, and 7 would 

have justified Nd:YAG laser posterior capsulotomy. Specimens no. 2 and 7 show mild fibrosis of 

the anterior capsule and specimens no. 3, 4 and 6 show severe fibrosis of the anterior capsule. 

Figure 10.5 shows a comparison between images obtained in capsular bags no. 1-4 shown in 

Figure 10.4. The first column shows the photomicrographs obtained with darkfield microscopy, 

the other columns show images obtained with the goniometer. The second column shows the 

“retrograde” images (θ= 0°), the third column the scattered light images captured at the near 

large-angle domain (θ= 5°) and the fourth column shows the scattered light images captured at 

the far large-angle domain (θ= 22°). For proper comparison with the images from the goniometer, 

the photomicrographs were inverted, rotated, and size adjusted. Note that the photomicrographs 

show an image that is the complement of the “retrograde” image. As mentioned in the methods 

section, the photomicrographs were obtained using the technique of darkfield microscopy. This 

technique collects scattered light only, which is why light-scattering parts of the capsule show 

up brightly against a dark background. On the contrary, a “retrograde” image shows only directly 

transmitted light. Since in light-scattering areas some light is scattered and therefore lost from 

direct transmission, the light intensity of scattering areas is reduced and they show up as “shadow-

like” areas. For example, image 10.5.3A shows the enhanced light intensity of the anterior capsule 

and image 10.5.3B shows its complement, a “shadow-like” area of diminished light intensity. 

Similarly, the Elschnig pearl edges in image 10.5.2A have an enhanced light intensity, as opposed 

to the corresponding edges in image 10.5.2B, which have a diminished light intensity. See also 

the detailed images in Figure 10.6. 
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Figure 10.4 Photomicrographs of eight representative specimens, obtained with the darkfield microscopy 
set-up shown in Figure 10.2.
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Figure 10.5 A comparison between photomicrographs obtained with the darkfield microscopy set-up 
(Figure 10.2) and grayscale images obtained with the goniometer set-up (Fig. 10.3) at θ = 5° and θ = 22° in 
four different specimens. In each row, the photomicrograph and the “retrograde” image (θ = 0°) complement 
each other.
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Figure 10.6 A comparison between detailed photomicrographs and complementary grayscale images (θ = 
0°) obtained in specimen number 1 and 2 (Figure 10.4).
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Figure 10.7 The angular dependence of scattered light images obtained in specimen number 1 (Figure 
10.4) with the goniometer set-up (Figure 10.3). The overall light intensity is higher in images obtained at the 
near large-angle domain (1° < θ ≤ 7°) than in those obtained at the far large-angle domain (θ > 7°). Note that 
images collected at the far large-angle domain (e.g.,  θ = - 22° en θ  = + 22°) are somewhat elliptical, due to 
the oblique angle of observation.
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Figure 10.8 The angular dependence of scattered light images obtained in specimen number 2 (Figure 10.4) 
with the goniometer set-up (Figure 10.3). The PCO area shows an increased overall light intensity, especially 
at the near large-angle domain (1° < θ ≤ 7°). Again, the images collected at the far large-angle domain are 
somewhat elliptical.
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Figures 10.7 and 10.8 show the angular dependence of PCO-scatter. They are complete image-

series of scattered light obtained in specimens no. 1 and 2 shown in Figure 10.4. There seems to 

be little difference between positive and negative angles, so scattering seems to be symmetrical 

to opposite sites. As mentioned in the methods section, intensity differences between the 

images of the image-sets shown in Figures 10.7 and 10.8 can be used to assess the nature of the 

angular dependence of PCO-scatter. The intensity differences within the image-sets are small. Put 

differently, the straylight part of the PCO-PSF has more or less the same course as the straylight 

part (large-angle domain) of the normal PSF. Figure 10.9 shows quantitative data on the angular 

dependence of PCO-scatter. Figure 10.9A shows the average difference in shape between the 

PCO-PSF obtained from the complete set of representative specimens, and the normal PSF as a 

function of visual angle (short-dashed curve, right vertical axis). Note that if the slope of the short-

dashed curve would have been zero, it would indicate an exact correspondence between angular 

dependence of the PCO-PSF and the normal PSF. The error bars represent standard deviations 



168

Chapter 10  

10

A 

B 

-2.1

-1.8

-1.5

-1.2

-0.9

-0.6

-0.3

0.0

0.3

0.6

-25 -20 -15 -10 -5 0 5 10 15 20 25

vis ual angle (degrees )

lo
g

 P
S

F

-1.2

-0.9

-0.6

-0.3

0.0

0.3

0.6

0.9

1.2

1.5

P
C

O
-P

S
F

 r
el

at
iv

e 
to

 n
o

rm
al

 P
S

F

-1.2

-0.9

-0.6

-0.3

0.0

0.3

0.6

0.9

1.2

1.5

-25 -20 -15 -10 -5 0 5 10 15 20 25

vis ual angle (degrees )

P
C

O
-P

S
F

 r
el

at
iv

e 
to

 n
o

rm
al

 P
S

F

Figure 10.9 Quantitative data on the angular (A) and wavelength dependence (B) of PCO-scatter. (A) The
short-dashed curve (right vertical axis) shows the average difference in shape between the PCO-PSF, obtained
from the complete set of representative specimens, and the normal PSF as a function of visual angle. The error 
bars represent standard deviations over all representative specimens. The same average result is also shown 
on an absolute PSF-scale (solid line, left vertical axis). The long-dashed curve represents the normal PSF. (B) 
PCO-PSF values obtained with a blue light filter (440 nm, blue curves), a green-yellow light filter (561 nm, 
green curves), and a red light filter (661 nm, red curves) as a function of visual angle. PCO-PSF values obtained 
in fibrosis-type PCO (specimen number 1 in Figure 10.4) are given as solid curves and those obtained in pearl-
type PCO (specimen number 2 in Figure 10.4) are given as long-dashed curves. For clarity, the long-dashed 
curves are displaced 0.30 upward along the vertical axis.
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over all representative specimens. From these bars it is clear quantitatively that the difference 

in angular dependence among all specimens is small. Figure 10.9A also shows the same average 

result, but on an absolute PSF scale (solid line, left vertical axis). The long-dashed curve represents 

the normal PSF (corresponding to Figure 10.1) The two curves show a close correspondence. 

However, close scrutiny of Figures 10.7 and 10.8 reveals slight intensity differences. The overall 

light intensity in the images captured at the near large-angle domain is higher than in the images 

captured at the far large-angle domain, e.g., the brightness differences between images 10.7.2 

and 10.7.13 of the set in Figure 10.7. The brightness differences between images 10.8.2 and 

10.8.13 of the set in Figure 10.8 are most pronounced. The intensity differences also show up in 

Figure 10.9. The slope of the short-dashed curve in Figure 10.9A is slightly steeper than that of the 

normal PSF. Also note the on average steeper slope of the three dashed curves corresponding 

to the pearl-type specimen in Figure 10.9B, as compared with the slope of the three solid curves 

corresponding to the fibrosis-type specimen. Another finding is that the light intensity observed 

in pearl-type PCO (Figure 10.8) is enhanced compared with fibrosis-type PCO (Figure 10.7). 

Figure 10.7 also shows that the fibrosis-type specimen has fiber structures with different 

orientations; a predominantly vertical orientation at the 3 and 9 o’clock positions, indicated by 

the ellipses, and a predominantly horizontal orientation at the 6 o’clock position, indicated by 

the square. Closer scrutiny reveals that the vertically oriented fiber structures have a markedly 

brighter appearance than those oriented horizontally. Because of their convex surface, the fiber 

structures are expected to have a rod-like behavior. It was realized before that structures with 

a rod-like shape, such as posterior capsule folds, behave optically like rods.18;36 This is called the 

“Maddox-rod phenomenon”.18;37 We expect that other structures with a convex surface, such as 

the fiber structures in fibrosis-type PCO, will behave similarly. In these structures, incident light 

is focused as a line perpendicular to the axis of the fiber structure. So, vertically oriented fiber 

structures focus incident light as a horizontal line, which is recorded by the optical set-up of this 

study. Because light deflected in other planes is not recorded by this set-up, only the vertically 

oriented fiber structures have a brighter appearance. These brightness differences between the 

two orientations are most distinct at the near large-angle domain (Figure 10.7). 

Figures 10.10 and 10.11 show the wavelength dependence of the scattered light images 

obtained in specimens no. 1 and 2 in Figure 10.4, using the three different wavelengths (661 

nm, 561 nm and 440 nm). In both specimens, the scattered light images obtained with the three 

wavelengths appear quite similar. Closer inspection reveals some brightness differences between 

the images in a set recorded at identical angles but using different wavelengths, for example 

differences between images 10.10.1B, 10.10.2B and 10.10.3B of the set in Figure 10.10. The images 
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Figure 10.10 The wavelength dependence of scattered light images obtained in specimen number 1 (Figure 
10.4) with the goniometer set-up (Figure 10.3). The images obtained with a blue light filter (440 nm, third row) 
are brighter than those obtained with the green-yellow (561 nm, second row) or the red light filter (661 nm,
first row).

Figure 10.11 The wavelength dependence of scattered light images obtained in specimen number 2 (Figure 
10.4) with the goniometer set-up (Figure 10.3). The pearl area is only slightly brighter when the blue light filter
(440 nm, third row) is used, compared with the green-yellow (561 nm, second row) or the red light filter
(661 nm, first row).
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at wavelengths of 561 nm and 661 nm are less bright than those at 440 nm. As described in the 

methods section, all data were normalized with respect to the direct beam. This was done for 

each wavelength independently. So, with decreasing wavelength the fraction of the light that 

is scattered increases. This is in correspondence with the color photomicrographs in Figure 10.4 

showing a blue hue. Close scrutiny of the image-sets of Figures 10.10 and 10.11 reveals that the 

wavelength dependence in pearl-type PCO is weaker than that of fibrosis-type PCO. Note the 

minimal brightness differences of the pearly area in images 10.11.1B, 10.11.2B and 10.11.3B, 

as compared with those of the fibrosis area in images 10.10.1B, 10.10.2B and 10.10.3B. Figure 

10.10.9B shows quantitative data on wavelength dependence of light scattered by pearl-type 

PCO and fibrosis-type PCO. Note the narrowly spaced dashed curves in blue, green and red 

obtained in pearl-type PCO, as compared to the more widely spaced solid curves obtained in 

fibrosis-type PCO (Figure 10.9B).

The mildly opacified anterior capsule (images 10.11.1B, 10.11.2B and 10.11.3B) shows a slightly 

stronger wavelength dependence as compared with the pearl- and fibrosis-type areas. 

DISCuSSIoN

In this study, the scattering characteristics that are important in PCO were documented. The 

nature of the angular dependence of light scattered by different PCO-types was assessed by 

comparing it to that of a normal eye. In addition, the wavelength dependence of light scattered 

by different PCO-types was visualized. 

We found that the angular dependence of PCO-scatter is similar to that of scatter in the normal 

eye. In-vitro crystalline lens studies already found that the angular dependence of light scattered 

by the crystalline lens is similar to that of scatter in the normal eye,24;25 which corresponds to 

the finding of an early study that in the normal aging eye, the crystalline lens is the dominant 

straylight source.23 We must conclude that the angular dependence of PCO-scatter and lenticular 

scatter is similar to that of scatter in the normal eye. This is surprising, because PCO has a different 

morphology in comparison with lenticular opacification. It should be noted that, despite the 

similar angular dependence, in PCO the scatter intensity can be much higher than in the normal 

eye. The morphological heterogeneity of PCO showed up in details; it was found that the angular 

dependence of light scattered by pearl-type PCO is stronger than light scattered by fibrosis-type 

PCO. As a consequence, pearl-type and fibrosis-type PCO may have a different functional effect 

on visual quality, as will be described further in this section.

Close inspection of the image-series in Figures 10.7 and 10.8 did reveal an exception to the 

similarity in angular dependence of PCO-scatter and scatter in the normal eye: at the near large-
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angle domain (1° < θ ≤ 7°), the angular dependence of PCO-scatter is slightly stronger, which 

implies the presence of additional light-spreading pattern caused by a refractile component. 

The Maddox-rod phenomenon in fibrosis-type PCO, which was described in the results section, 

appears to cause such additional light-spreading pattern. On the basis of physics theory it can 

be expected that because of its morphological appearance, pearl-type (regeneratory) PCO might 

also produce an additional light-spreading pattern. Although we did find that PCO-scatter has 

some wavelength dependence, especially in pearl-type PCO it is weak. This marginal wavelength 

dependence implies the presence of a refractile component in the light-spreading pattern 

caused by pearl-PCO. 

The angular and wavelength dependence found in this study, suggest that PCO-scatter is 

dominated by small particles. This also applies to the scattering particles of opacified anterior 

capsules. The size of these particles is in the order of wavelength of visible light (400 nm to 700 

nm). However, apart from scatter PCO has a refractile component caused by structures much 

larger than wavelength, such as rods and pearls. These refractile structures affect the near large-

angle domain. This effect might be an extrapolation from the small-angle domain. Depending 

on the ratio between small particles and refractile structures in PCO, PCO may mainly affect the 

small-angle or the large-angle domain, which may elucidate the quite independent effect of PCO 

on the visual function parameters VA and straylight.  The ratio in pearl-type PCO may be in favor 

of refractile structures, whereas in fibrosis-type PCO it may be in favor of small particles. As a 

consequence, pearl-type PCO may affect VA to a larger extent than straylight, whereas fibrosis-

type PCO may affect straylight to a larger extent than VA.

In this study, the CCD camera served as the in-vitro counterpart of the in-vivo photoreceptors. 

So, the camera recorded the scattered light that the photoreceptors would sense in an in-vivo 

situation. Regarding this analogy, two remarks must be made. The first is that the visual scene 

‘perceived’ by the camera differs from the visual scene that would have been perceived by a PCO-

patient. The visual scene captured by the CCD camera was the specimen (Figures 10.7, 10.8, 10.10 

and 10.11), whereas that perceived by a PCO-patient is a scene of the outer world (e.g., Figure 

10.1A-B). Second, the cone photoreceptors would not detect the exact same amount of light as 

captured on the images, because of the Stiles-Crawford effect. The Stiles-Crawford effect refers 

to the directional sensitivity of photoreceptors, particularly those in the central fovea; foveal 

cones are less sensitive to rays of light passing through the pupil margin. The amount of light 

captured on the images in this study most closely corresponds to the amount of light detected 

by peripheral photoreceptors. So, the effect of PCO on retinal image formation detected by the 

photoreceptors may depend on PCO localization. Moreover, PCO located behind the peripheral 
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margin of the pupil has little effect on both retinal image formation and light-scatter. On the 

contrary, centrally located PCO deteriorates retinal image formation and also increases light-

scatter.

In summary, although PCO shows an increased intensity of scatter, the light-scattering 

characteristics of PCO are very similar to those of the normal eye. This indicates the presence 

of small particles in PCO. However, PCO and especially pearl-type PCO, has an additional light-

spreading pattern caused by refractile components with weaker wavelength dependence, 

which is typical for refractile structures. We expect that the size ratio between small particles 

and refractile structures in PCO determines its effect on the two domains of visual function and 

their corresponding functional impairments. Fibrosis-type PCO may predominantly consist of 

small particles, which mainly affect the large-angle domain. Functionally, fibrosis may have a 

more important effect on straylight than on VA. In pearl-type PCO refractile structures may be 

relatively more important, affecting the small-angle domain. Functionally, pearls may have a 

more important effect on VA than on straylight.   
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aBStraCt

Purpose

The purpose of the present study was to elucidate the effect of posterior capsule opacification 

(PCO) on the straylight domain of visual function. PCO is heterogeneous with regard to 

morphology and severity; both aspects contribute to its functional effect. 

methods

The isolated impact of capsule areas with specific morphology and severity on straylight was 

studied in-vitro by recording forward light-scatter. Forward light-scatter by four different capsule 

types, i.c., anterior capsule (AC), clear posterior capsule (PC), fibrotic and regeneratory PCO, was 

recorded at several visual angles with a goniometer, using different wavelengths. Angular (θa) 

and wavelength dependencies (λb) were studied by determining exponents a and b. 

results

Recorded straylight values of isolated capsule areas varied between 10× below to 10× above the 

value normal for the human eye, depending on the capsule’s condition (clear to opacified). The 

angular dependence of light scattered by clear PCs was weaker, whereas in the other capsule 

types it was stronger than in the normal eye. On average, the wavelength dependence of light 

scattered by different capsule types was similar, but the variation was considerable. At the 

smallest visual angles, increased angular and decreased wavelength dependence was found, 

especially in fibrotic and regeneratory PCO. 

Conclusions

It was concluded that the range of straylight values found in-vitro in lens capsules properly 

corresponded to that found previously in in-vivo pseudophakics. Surprisingly, the wavelength 

dependence of PCO indicated that small-particle light-scattering is important in PCO. Refractile 

effects were more important at small visual angles, as indicated by the combined stronger angular 

and weaker wavelength dependence.
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INtroDuCtIoN

Transparency of optical media, such as the crystalline lens and its surrounding lens capsule, is 

important for optimal visual function (VF). Cataract formation reduces the transparency of the 

crystalline lens. Cataract formation is largely age-related, and therefore affects visual function 

of a substantial part of the world population. Although a cataractous lens can be replaced by 

a transparent, artificial intra-ocular lens (IOL), the outcome of cataract surgery is frequently 

complicated by opacification of the lens capsule. Posterior capsule opacification (PCO) causes VF 

impairment similar to that caused by cataract. Therefore, PCO is a major hindrance to long-term 

VF restoration. The present study contributes to a better understanding of the impact of PCO on 

visual function. 

PCO results from a wound-healing response caused by mechanical trauma during cataract 

surgery. Unfortunately, it is impossible to extract all lens cells. Wound-healing promotes residual 

lens epithelial cells (LECs) to proliferate, (trans)differentiate, and to deposit extracellular matrix, 

via autocrine and paracrine cell signaling.1;2 Migration of the cells into the space between IOL 

and posterior lens capsule causes opacification, and is called PCO. Clinically, two morphologically 

different PCO-types can be distinguished: PCO with a pearl appearance and PCO with a fibrotic 

appearance. Pearl-type PCO, or regeneratory PCO, is thought to be caused by proliferation and 

swelling of LECs.3 Fibrosis-type PCO is thought to be caused by LEC transdifferentiation.1;2

As mentioned in the first paragraph of this section, PCO causes VF impairment: it deteriorates 

VF by reducing visual acuity and increasing intra-ocular straylight.4;5 The impact of PCO on visual 

acuity does not necessarily correspond to its impact on straylight.4;5 The distinct impact of PCO on 

visual acuity and straylight is expected to be related to the degree and localization of posterior 

capsule (PC) coverage by PCO. Moreover, which parameter of visual function is predominantly 

affected depends on the optical characteristics of PCO. Optical characteristics can be assumed 

to depend primarily on the characteristic size of PCO-irregularities: irregularities much larger 

than the wavelength of light refract light, and smaller sized particles scatter light. Refractile 

irregularities may predominantly affect the small-angle domain of visual function and reduce 

visual acuity, whereas scattering particles may predominantly affect the large-angle domain of 

visual function (visual angles beyond 1.0º) and increase straylight.5;6 

In the present study, forward light-scatter by PCO was recorded in-vitro with a goniometer set-

up. The set-up records scatter intensities at the large-angle domain of visual function. The in-

vitro setting allows studying light-scattering by a specific ocular structure, separately from light-

scattering by other ocular structures. The concept for in-vitro forward light-scatter recordings 

with a goniometer set-up has been developed by Van den Berg et al. to study forward light-scatter 
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by human crystalline lenses.7;8 Recently, the goniometer set-up was used to study light-scatter by 

PCO as it would appear functionally, i.e. light-scatter was recorded for a 4 mm circular central zone 

of the IOL-posterior capsule complex.5 PCO is heterogeneous and therefore most 4 mm central 

zones included clear PC areas and opacified PC areas of different type and severity. Central zone 

scatter characteristics result from composite scatter characteristics of all heterogeneous areas. As 

will be detailed in the Results section, scatter intensities can be translated into straylight values: 

the quantity defining the in-vivo visual function result. Straylight is expressed as the logarithm of 

the straylight parameter “s”, or log(s). For example, if the central zone is filled for 10% with PCO of 

log(s)= 2.0, and for 90% with PCO of log(s)= 1.0, the straylight value experienced by the patient 

is log(0.1*102 + 0.9*101)= 1.28. 

For a better understanding of the light-scattering characteristics of heterogeneous PCO areas, 

in which the contributions of different PCO types and severities are mixed, the light-scattering 

characteristics of isolated areas with a specific PCO type and severity need to be investigated. 

In the present study, the goniometer set-up was used to study light-scatter by isolated, 

homogeneous capsule areas. The studied capsule areas were either clear or opacified, and 

opacified capsule areas had different severity and morphology. 

methoDS

The techniques for specimen preparation and scattered light registration used in this study are 

largely identical to those previously described in detail.5 Therefore, the two following subsections 

only provide a summary.

Specimen preparation and selection

Pseudophakic donor bulbi were obtained from the Cornea Bank Amsterdam. Specimens were 

capsular bags (lens capsules) with an IOL. Initially, capsular bags were unfixated. After it had 

been concluded that a 1% paraformaldehyde fixative had no effect on the optical properties 

of capsular bags, bulbi were immersed in fixative (>24 hours) prior to preparation.9 Specimens 

were isolated using either of the two preparation techniques previously described.5 Isolated 

specimens were examined and selected by experienced ophthalmologists (I.J.E.M. and B.L.M.Z.), 

using a darkfield set-up with a darkfield ring light for retro illumination and slit illumination for 

reflected light examination. The purpose of darkfield examination was two-fold: (1) to ascertain 

close correspondence to in-vivo capsular bags, and (2) to identify small-sized IOL irregularities 

such as IOL glistenings or deposits.  However, in none of the used specimens, IOL irregularities 

were observed.5 Whereas small-sized IOL irregularities and potential IOL-scatter might affect the 

large-angle domain, refractive IOL design only affects the small-angle domain. Therefore there 

were no inclusion criteria concerning IOL type or dioptric power. 
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goniometer registration of scattered light

Light scattered by the specimens was recorded with a goniometer and a charge-coupled device 

camera. The specimen’s posterior part was oriented towards the camera. Light emitted by a 

halogen light source passed an infrared blocking filter and a narrowband interference filter with 

a peak wavelength of either 661 nm, 561 nm or 440 nm. The incident light passed the specimen 

in the same direction as in an in-vivo situation. The specimen scattered part of the incident light 

in different forward directions towards the camera, which served as the in-vitro counterpart of 

the in-vivo photoreceptors.5 The camera rotated in the horizontal plane around the specimen, 

and collected forward light-scatter at fixed angles corresponding to visual angles of θ= -22°, -15°, 

-11°, -7°, -5°, -3°, +3°, +5°, +7°, +11°, +15° and +22°. It should be noted that the visual angles apply 

to the specimen’s center. So, if the studied capsule area had a left-right decentration from the 

specimen’s center, the actual visual angles were slightly different from those specified above, and 

were not corrected. All visual angles were >1°, and therefore represent the large-angle domain 

of the PSF.6 

For each specimen 13 goniometer registrations per wavelength were obtained: 12 grayscale 

images corresponding to the 12 visual angles, and one grayscale image collected at the θ = 0° 

position. Images collected at the θ= 0° position can be compared with clinical retrograde slitlamp 

images, although the light direction is reversed. At the θ= 0° position, non-scattered, directly 

transmitted light is recorded. In the presence of opacified areas some of the incident light will be 

scattered. Consequently, the amount of recorded transmitted light is reduced and opacified areas 

appear as less intense, shadowy patterns (Figure 11.1A).

Figure 11.1 Image of a representative regeneratory PCO specimen captured at the θ = 0° position, using 
the goniometer set-up. Selected lens capsule areas are indicated: an anterior capsule (AC) area, two posterior 
capsule opacification (PCO) areas of different severity, and a clear posterior capsule (PC) area (A). Their scatter 
characteristics were recorded using a blue light filter (440 nm, blue curves), a green-yellow light filter (561 nm, 
green curves) and a red light filter (660 nm, red curves) (B).
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Straylight parameter

The goniometer set-up was calibrated according to the PSF-definition of the Commission 

Internationale de l’Eclairage (CIE) (see http://www.cie.co.at/). The CIE norm of the PSF of a healthy, 

young eye was used as a reference.10 Scatter intensities are expressed as absolute PSF-values in 

terms of the straylight parameter “s”, according to s= θ2 × PSF(θ).7 The logarithm of s, or log(s), 

was used. By using log(s) as a unit, the in-vitro values recorded in the present study can directly 

be compared to in-vivo values measured using the C-Quant instrument (Oculus GmbH, Wetzlar, 

Germany). Theoretical details concerning the comparison of in-vivo and in-vitro log(s) values are 

given elsewhere.8 

Selection of isolated capsule areas

To represent the heterogeneous nature of human capsular bags, isolated capsule areas with 

different morphology and severity were selected. Selected capsule areas were divided into 4 

categories; (A) anterior capsule (AC) areas, (B) relatively clear PC areas, (C) areas of fibrotic PCO, 

and (D) areas of regeneratory PCO. Because AC and PC areas overlap, light scattered by AC areas 

could not be isolated from light scattered by PC areas. Therefore, only AC areas overlapping 

relatively clear PC areas were eligible. Both clear and fibrotic AC areas were selected. Using Matlab 

software (MathWorks, Inc., Natick, Massachusetts; version 7.11.0.584), selected capsule areas were 

specified as regions of interest. Examples of selected capsule areas are shown in Figure 11.1A. As 

explained earlier in the Methods section, for each region of interest log(s) values were recorded at 

all visual angles and wavelengths (Figure 11.1B). 

optical characteristics

The nature of the angular and wavelength dependence can be used to assess the particle-size 

dominating light-scattering in different parts of the lens capsule. Particles much smaller than 

the wavelength of light typically show a weak angular and a strong wavelength dependence, 

whereas particles larger than the wavelength of light typically show a strong angular and a weak 

wavelength dependence. 

The angular dependence of intraocular straylight can be described as θa, with approximate 

exponent a≈ -2 (Figure 11.2, dashed curves).7;8;11-14 It was found that a≈ -2  in young, healthy eyes 

and in aging, cataractous eyes.8;11-14  In this study, the angular dependence of light scattered by 

the different lens capsule types was assessed by determining exponent a. 

The wavelength dependence of scattered light can be described as λb. Light scattered by very 

small particles is called Rayleigh scatter, and has a strong wavelength dependence with exponent 

b= -4. Light scattered by particles much larger than the wavelength of light typically has no 

wavelength dependence, with exponent b= 0. The wavelength dependence of light scattered 
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Figure 11.2 Scatter characteristics of clear and fibrotic anterior capsule areas (n = 11) (A), clear posterior 
capsule areas (n = 10) (B), fibrotic PCO areas (n = 7) (C) and regeneratory PCO areas (n = 13) (D), recorded using 
a green - yellow light filter (561 nm). Recorded scatter intensities, expressed as log(s), are shown as a function 
of visual angle (thin, solid curves). The thick, solid curves represent the average curves for each of the different 
capsule types. The thick, dashed curves represent a healthy, young eye and can be used as a reference.
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by particles of intermediate size can be described as λb, with -4 < exponent b < 0. In the present 

study, the wavelength dependence of light scattered by different lens capsule types was assessed 

by determining exponent b.

Detailed knowledge of optical characteristics such as angular and wavelength dependence, can 

be obtained by calculating exponents a and b. The exponents are important if one aims to derive 

effective particle size with physical-optical theory.15;16 However, in the present study, exponents a 

and b were used to elucidate the impact of different capsule types on the straylight part of visual 

function. 

reSultS

As previously described, 25 representative PCO specimens were identified by experienced 

ophthalmologists.5 Eleven AC areas, 10 clear PC areas, 7 areas of fibrotic PCO and 13 areas of 

regeneratory PCO were selected in the present study. Examples of isolated capsule areas 

are shown in Figure 11.1. The remainder of this Results section describes findings for the four 
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different capsule types, concerning (1) scatter intensity (first subsection and Figure 11.2), (2) 

angular dependence (second subsection and Figures 11.3-11.4), and (3) wavelength dependence 

(third subsection and Figures 11.5-11.6).

Intensity of light-scatter by different capsule types

The variation in scatter intensity found in different capsule types is illustrated by Figure 11.2. It 

shows the 561 nm scatter characteristics of all selected (A) AC areas, (B) clear PC areas, (C) areas 

of fibrotic PCO, and (D) areas of regeneratory PCO. The log(s) parameter is shown as a function 

of visual angle. The thin, solid curves represent individual isolated capsule areas, and the thick, 

solid curves are average curves for each of the four different capsule types. The thick dashed 

curve represents the PSF for a healthy and young eye (expressed in terms of the straylight 

parameter), and can be used as a reference. As mentioned in the Methods section, there is a 

close correspondence of in-vivo and in-vitro log(s) values, both theoretically and practically.6 The 

clinical C-Quant instrument measures straylight at approximately θ  7°. Therefore, we will focus on 

averaged log(s) values obtained at = -7° and +7°: those values can be directly compared to in-vivo 

straylight values obtained in the clinic. The scatter intensity found in AC at = -7° and +7° ranges 

from log(s)= 0.0 to log(s)= 2.1, with an average of log(s)= 1.2 (Figure 11.2A). The scatter intensity 

found in clear PC areas is relatively low and ranges from log(s)= 0.1 to log(s)= 1.1, with an average 

of log(s)= 0.6 (Figure 11.2B). The scatter intensity in fibrotic PCO areas ranges from log(s)= 0.7 to 

log(s)= 1.4, with average log(s)= 1.2 (Figure 11.2C). The scatter intensity in the regeneratory PCO 

areas ranges from log(s)≈ 0.6 to log(s)≈ 2.0, with an average log(s)= 1.2 (Figure 11.2D).

Figure 11.2 shows that in most areas, similar scatter intensities were recorded at positive and 

negative visual angles. However, in some capsule areas slightly asymmetrical scatter intensities 

were recorded. These were observed if the selected capsule area was left-right decentrated in 

relation to the specimen’s center. As described in the Methods section, such decentration causes 

a small error in actual visual angle, resulting in slightly asymmetrical scatter intensities. Finally, 

in fibrotic PCO areas of similar severity, different scatter intensities were recorded; the scatter 

intensity is much stronger in some areas as compared to other areas (Figure 11.2C). As will be 

detailed in the following subsection, differences in angular dependence were also found in these 

areas.

angular dependence of light-scatter by different capsule types

The shapes of curves obtained from distinct capsule areas were compared; most curves of PCO 

areas (Figures 11.2C and 11.2D) are steeper than those of AC (Figure 11.2A) and clear PC areas 

(Figure 11.2B). In other words, the angular dependence of light scattered by PCO areas is on 

average stronger than that scattered by AC and clear PC areas. The shape of the average curves was 
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also compared with that of the reference curve. The shape of the AC and fibrotic PCO curves was 

similar to that of the reference curve. In other words, the angular dependence of light scattered 

by AC and fibrotic PCO areas is similar to the average angular dependence of approximately θ-2.2 

found in healthy, young eyes (Figures 11.2A and 11.2C).7;8 The angular dependence of clear PC 

areas is weaker than in a healthy, young eye (Figure 11.2B), whereas in regeneratory PCO it is 

stronger than in a healthy, young eye (Figure 11.2D). 

By calculating the slope, or exponent a, of the log(s) curves shown in Figure 11.2, shape differences 

between log(s) curves and shape differences between the log(s) curves and the reference curve 

for a healthy, young eye can be assessed in detail. The slope (exponent a) of each line segment 

connecting successive visual angles (Figure 11.2; thin, solid curves) was calculated and plotted 

as a function of visual angle for all (A) AC areas, (B) clear PC areas, (C) fibrotic PCO areas and (D) 

regeneratory PCO areas (Figure 11.3; thin, solid curves). The average exponent a for each of the 

four different capsule types is shown by thick, solid curves. The reference exponent for a healthy, 

young eye is shown by thick, dashed curves, and can be used as a reference. Remember from the 

‘Optical characteristics’ subsection of the Methods, that the reference exponent is approximately 

-2. Its precise value depends on visual angle: it varies over the angular range from -1.9 to -2.4, 

and approaches -2.2 at 7°. Figures 11.3A and 11.3C show that the average exponent a of the AC 

and fibrotic PCO areas is slightly stronger than the reference exponent, especially at the largest 

angles of the angular range; it is on average -2.3 for both the AC and the fibrotic PCO areas. Figure 

11.3B shows that the average exponent a of clear PC areas is slightly weaker than the reference 

exponent at visual angles -22° > θ > -15° and 22° < θ < 15°, whereas it is stronger at the other visual 

angles; the average exponent a is -1.9. Figure 11.3D shows that the average exponent a= -2.7 for 

the regeneratory PCO areas is stronger than the reference exponent at all visual angles, especially 

at the largest angles of the angular range.

As mentioned in the first subsection of the Results, light scattered by fibrotic PCO areas could 

vary in intensity. In addition, the angular dependence of light scattered by these areas could 

vary. This is illustrated by the fibrotic specimen in Figure 11.4A. In Figure 11.4A, PCO areas are 

represented by shadowy patterns. The intensity of the shadowy patterns of PCO areas 1 and 2 is 

similar (Figure 11.4A), which suggests similar PCO severity. However, their scatter intensity and 

angular dependence is different: the curves of PCO area 2 are rather flat, whereas those of PCO 

area 1 have steeper slopes (Figure 11.4B). PCO areas 1 and 2 have fiber structures of different 

orientations. As described in a previous study,5 fiber structures with a convex surface, such as 

those shown in Figure 11.4A, are expected to behave optically as rod structures. The optical 

behaviour of structures with a rod-like shape is called the “Maddox-rod phenomenon” and refers 

to the phenomenon that in rod structures incident light is deflected as a line perpendicular to the 
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Figure 11.3 The angular dependence of scattered light is described by θa. The thin, solid curves show 
exponent a as a function of visual angle for each anterior capsule area (n = 11) (A), each clear posterior capsule 
area (n = 10) (B), each fibrotic PCO area (n = 7) (C) and each regeneratory PCO area (n = 13) (D) (λ = 561 
nm). The thick, solid curves represent the average exponent a for the four different capsule types. The thick, 
dashed curves represent the strength of the angular dependence in a healthy, young eye.
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rod’s axis.3;17 So, horizontally oriented fibers deflect incident light as a vertical line, and vertically 

oriented fibers deflect it as a horizontal line. The optical set-up used in this study records light 

spreading in the horizontal plane. So, in the presence of vertically oriented fibers strong light 

spreading is recorded, whereas in the presence of horizontally oriented fibers weaker light 

spreading is recorded. In PCO area 2 the fiber structures are oriented horizontally, whereas in area 

1 they are oriented vertically (Figure 11.4A); this translates to weaker scatter intensities recorded 

in area 2 than in area 1 (Figure11.4B). Furthermore, the angular dependence of light spreading by 

area 2 is weaker than that by area 1 (Figure 11.4B). For comparison, two regeneratory PCO areas 

of similar severity, PCO areas 3 and 4, are shown in Figure 11.4C. None of the areas has a fiber 

structure, and a similar scatter intensity and angular dependence is found in both areas (Figure 

11.4D). The curves of PCO areas 1-4 have two characteristics in common at the smallest angles 

in the angular range, (1) an increasing slope, indicating increasing angular dependence, and (2) 

a narrowing in the spacing of the blue, green and red curves, indicating decreasing wavelength 

dependence (Figures 11.4B and 11.4D).
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Wavelength dependence of light-scatter by different capsule types

Figures 11.5 and 11.6 focus on wavelength dependencies. The solid blue, green and red curves in 

Figure 11.5 show average scatter characteristics of all selected (A) AC areas, (B) clear PC areas, (C) 

areas of fibrotic PCO, and (D) areas of regeneratory PCO, recorded with 440 nm, 561 nm and 661 

nm. Again, the black, dashed curves represent a healthy, young eye, to be used as a reference. 

Figure 11.5 shows that for each capsule type, the corresponding blue, green and red curves have 

a similar shape. To put it differently, for the three wavelengths the angular dependence is similar. 

Furthermore, Figure 11.5 shows that for all capsule types, the lowest log(s) values were recorded 

at 661 nm and the highest at 440 nm, i.e. scatter intensity increases with decreasing wavelength. 

The strength of the wavelength dependence is indicated by the spacing of the blue, green and 

red curves. In case scattered light has no wavelength dependence, the blue, green and red curves 

Figure 11.4 Images of specimens with fibrotic PCO (A) and regeneratory PCO (C), captured at the θ = 0° 
position using the goniometer set-up. Figure 11.4A shows two selected fibrotic PCO areas with horizontally 
(PCO 2) and vertically (PCO 1) oriented fiber structures. Figure 11.4B shows the increased scatter intensity 
and angular dependence in PCO area 1 as compared to those in PCO area 2. Figure 11.4C shows two 
selected regeneratory PCO areas without a distinct fiber structure. Their similar scatter intensity and angular 
dependence are shown in Figure 11.4D.
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Figure 11.5 Average scatter characteristics of anterior capsule areas (n = 11) (A), clear posterior capsule 
areas (n = 10) (B), fibrotic PCO areas (n = 7) (C) and regeneratory PCO areas (n = 13) (D), obtained with a blue 
light filter (440 nm, blue curves), a green-yellow light filter (561 nm, green curves) and a red light filter (660 
nm, red curves). The dashed, black curves are reference curves for a healthy, young eye.
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would show no spacing, whereas in case of strong wavelength dependence the curves would be 

widely spaced. Figure 11.5 shows a similar spacing of the solid blue, green and red curves for the 

different capsule types. However, especially in the fibrotic PCO and regeneratory PCO areas, the 

spacing between the blue, green and red curves decreases at the smallest angles of the angular 

range. 

Differences in wavelength dependence can be assessed in detail by determining exponent b. 

As mentioned in the previous paragraph, at a particular visual angle different scatter intensities 

were recorded at  661, 561 and 440 nm, with the lowest log(s) values at 661 nm and the highest 

log(s) values at 440 nm (Figure 11.5). For each angle, exponent b was derived from the scatter 

intensities recorded at 661, 561 and 440 nm. In Figure 11.6, exponent b is plotted as a function 

of visual angle for all (A) AC areas, (B) clear PC areas, (C) fibrotic PCO areas and (D) regeneratory 

PCO areas (thin, solid curves). The average exponent b (see the ‘Optical characteristics’ subsection 

of the Methods) for each of the four different capsule types is shown by thick, solid curves. The 

average exponent b is around -1.5, but there is quite some variation, possibly caused by the fact 

that derivatives (slopes) are sensitive to noise in the recordings. The narrowing in the spacing 

between the blue, green and red curves at the smallest angles of the angular range in AC, fibrotic 
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PCO and regeneratory PCO areas that was mentioned in the second subsection of the Results, 

indicates a decrease in wavelength dependence, which is confirmed by Figures 11.5A, 11.5C and 

11.5D. On average, the value of exponent b is less negative at the smallest angles as compared 

with its value at larger angles, which illustrates the decreasing wavelength dependence more 

clearly (Figures 11.6A, 11.6C and 11.6D).

Figure 11.6 The wavelength dependence of scattered light is described by λb. The thin, solid curves show 
exponent b as a function of visual angle for each anterior capsule area (n = 11) (A), each clear posterior capsule 
area (n = 10) (B), each fibrotic PCO area (n = 7) (C) and each regeneratory PCO area (n = 13) (D) (λ = 561 nm). 
The thick, solid curves represent the average exponent b for the four different capsule types.
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DISCuSSIoN 

In the present study we determined light-scattering by isolated capsule areas. Light-scattering 

is expressed in terms of PSF. Because the straylight parameter (log[s]) was used as a unit, the 

present in-vitro findings and in-vivo findings previously obtained with the C-Quant instrument 

can be compared in absolute sense. This will be elaborated in the following subsection. 

In-vivo population studies in healthy, young eyes found a reference value of log(s)= 0.9.18-21 An 

in-vivo population study in pseudophakics with clear and opacified posterior capsules, found 

log(s) values ranging from log(s)= 0.6 to 2.0 with an average of 1.3.20 In pseudophakics with PCO 
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and an indication for neodymium:YAG laser capsulotomy, log(s) values ranging from log(s)= 1.1 

to 2.4, with an average of 1.6 were found.4 The in-vivo upper limits in pseudophakics of log(s)= 

2.0 and 2.4 approximately correspond to the highest value of log(s)= 2.0 found in a PCO area 

in the present in-vitro study. The log(s) value of 2.0 found in an isolated area of severe PCO 

corresponds to a 12.6-fold increase (corresponding to 1.1 log units) in straylight, as compared to 

the reference value of 0.9 in healthy, young eyes. In-vitro, a lower limit of log(s)= 0.1 was found 

in clear capsules, which does not correspond to the in-vivo lower limit of log(s)= 0.6 found in a 

population of pseudophakics including clear capsules.20 The underlying reason is that in-vitro 

log(s) values represent only the amount of straylight caused by the lens capsule-IOL complex, 

whereas in-vivo log(s) values represent the amount of straylight in the pseudophakic eye as a 

whole, including the contribution of other ocular structures to intraocular straylight, e.g., light-

scatter by the cornea and vitreous, pigmentation-dependent light transmission by the iris and 

sclera, and pigmentation-dependent light reflection by the fundus.12;13;22 It has been estimated 

that 2/3 of the total amount of straylight in a healthy and young eye, i.e. corresponding to log(s)= 

0.7, is caused by all these ocular structures together, the crystalline lens excepted.14 

As described in the Introduction, the straylight value experienced by the patient results from the 

combined contribution of clear and opacified capsule areas of different severity. In the previous 

in-vitro study, log(s) values were recorded over a 4 mm circular central zone. The 4 mm log(s) 

values found in the previous in-vitro study ranged from log(s)= 0.1 to 1.6 with an average of 1.0.5 

Comparing the already mentioned in-vivo upper limits of log(s)= 2.0 and 2.4 in pseudophakics4;20 

to the upper limit of log(s)= 1.6 found in the previous in-vitro study,5 it appears that the latter is 

much lower. However, one should realize that the value of 2.4 concerned pseudophakic patients 

with PCO and an indication for neodymium:YAG capsulotomy, whereas the in-vitro study 

concerned random pseudophakic eyes. 

It should be noted that in the present study a wide range of scatter intensities was observed in 

areas that were marked as clear PC. As described in the Methods section, capsules were examined 

by experienced ophthalmologists, using a darkfield microscopy set-up that included slitlamp 

examination with reflected light and retro illumination.23 Despite the careful examination, 

some PC areas that were marked as clear might have had minimal, sub-clinical opacification. As 

described in the Methods section, it can also not be ruled out that in some truly clear PC areas, 

diffuse scatter processes induced by IOLs might have caused a small amount of  scatter. Because 

of these two issues, (1) possible sub-clinical opacification and (2) potential scatter by IOLs, 

the precise level of scatter-intensities obtained in areas marked as clear PC may not faithfully 

represent the clear capsule. 
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The four different capsule types selected in the present study showed distinct scatter 

characteristics, especially concerning angular dependence. The distinct angular dependence 

of the capsule types was characterised by log(s) curves with a distinct shape (Figure 11.2), and 

therefore a different exponent a (different slope) (Figure 11.3). The angular dependence of clear 

PC areas was weaker than in a healthy, normal eye, whereas in AC, fibrotic PCO and regeneratory 

PCO areas it was stronger than in a healthy, young eye (Figure 11.3). Apart from different capsule 

types, areas of different severity were included. The results indicate that severity differences are 

characterised by differences in scatter intensity, resulting in vertical displacement of log(s) curves 

(Figure 11.2). In summary, differences in angular dependence result in log(s) curves with a distinct 

shape, and differences in scatter intensity result in vertical displacement of the curves (Figure 

11.2). 

Besides determining the scatter intensity and angular dependence of light scattered by isolated 

capsule areas, the present study also assessed wavelength dependence. Detailed assessment of 

wavelength dependence showed that exponent b was approximately -1.5 in all capsule types, but 

with considerable variation. Especially in the fibrotic PCO and regeneratory PCO areas, exponent 

b was less negative at the smallest angles, which indicates that the wavelength dependence 

decreases with decreasing angle. As described in the second subsection of the Results, a combined 

increased angular dependence and decreased wavelength dependence at the smallest angles of 

the angular range, was found in especially fibrotic (Figures 11.5C and 11.6C) and regeneratory PCO 

areas (Figures 11.5D and 11.6D). According to optical light-scattering theory,15;16 the combination 

of these optical characteristics implies the presence of light spreading caused by refractile PCO-

structures. As mentioned in the Introduction, light refraction is caused by structures much larger 

than the wavelength of light. Rod-like fibers present in fibrotic PCO and pearl-like structures 

present in regeneratory PCO, could be such refractile structures. An example of light-spreading 

by refractile PCO structures is the Maddox-rod phenomenon described in the second subsection 

of the Results. 

We expected the light-scattering characteristics of PCO to be drastically different from those of 

the crystalline lens, due to differences in morphological appearance. In the large-angle domain, 

light-scattering in the crystalline lens is dominated by particles of about 1 micrometer in size.15;16 

However, cells that constitute PCO are much larger. So, the angular and wavelength dependencies 

found in the present study surprised us. Especially the wavelength dependence found in PCO 

clearly indicates that, based on physical-optical light-scattering theory,15;16 small particle light-

scattering is also important in PCO. However, apart from small particle scattering, the current data 

also indicate that refractile effects become more important at smaller visual angles, as witnessed 

by the combination of stronger angular and weaker wavelength dependence. 
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aBStraCt

aim

To study forward light-scattering characteristics of calcified explanted intraocular lenses (IOLs) 

(Aquasense, Ophthalmic Innovation International Ontario, California, USA). 

methods

The amount of light scattered by the opacified IOLs was measured using a validated in-vitro set-

up for angles from 1.7º to 22º. This set-up gives results directly comparable with straylight values 

as valid for the in-vivo situation.

results

Straylight is highest at large angles and declines steeply approaching 0º angle. This corresponds to 

the in-vivo findings that opacified IOLs cause important visual complaints but have little effect on 

visual acuity. At 7.5º, log(s) is around 1.8 and 2.9 for the two lenses respectively. This corresponds 

to 8 x and 100 x increases in straylight values compared with values in young, normal eyes. 

Conclusion

High straylight values caused by opacified IOLs can explain subjective complaints of reduced 

quality of vision in patients with opacified implants, despite good visual acuity. 
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INtroDuCtIoN

Cataract surgery is the most commonly performed surgical procedure in the world, and intraocular 

lens implants (IOLs) are the most commonly used prosthetic devices.1,2 Any complication related 

to IOLs will have considerable implications for public health and health service resources.1 Delayed 

postoperative intraocular opacification of hydrophilic acrylic IOLs has been reported for several 

types of IOLs, including the Hydroview model H60M (Bausch and Lomb Surgical Clearwater, 

Florida, USA), the SC60B-OUV (MDR Inc., USA), the Memory Lens (Ciba Vision, Duluth, Georgia, 

USA) and the Aquasense™ (Ophthalmic Innovation International, Ontario, California, USA).1-11 

Patients with opacified IOLs typically present with symptoms of reduced quality of vision, which 

may be due to decreased visual acuity, deterioration in contrast sensitivity or increased complaints 

of glare from 4 to 36 months postoperatively.1-10 These symptoms are resistant to treatment of the 

capsular bag with the neodymium:yttrium-aluminium-garnet (Nd-YAG) laser.3,7 In some patients, 

this opacity causes sufficiently severe symptoms to necessitate lens exchange surgery.1-3,5-11

Two aspects of lens behaviour influence the quality of vision independently: straylight and visual 

acuity effects.12 For correct understanding of functional effects of lenticular optical disturbances, 

the size of these disturbances is of paramount importance.12 Small irregularities, with sizes 

comparable with the wavelength of visible light, cause straylight.12 Larger disturbances, with 

sizes of 100 µm to several millimeters, will influence visual acuity.12 Typical straylight-dependent 

symptoms occur thus quite independently from visual acuity effects.12 Opacification of IOLs is 

mostly due to multiple fine deposits that may be inside or covering the optic with sizes of <1 µm 

to 2-3 µm diameter.1 Therefore, the quality of vision loss in patients with opacified IOLs can be 

expected to be mostly due to increased straylight. Increased straylight can give rise to a variety of 

subjective complaints, including glare in scotopic conditions, haloes around bright lights, colour 

and contrast loss and hazy vision.12 The CIE (Commission International d’Eclairage) has defined 

disability glare as retinal straylight.13

The aim of the current study was a direct measurement of forward light-scattering characteristics 

of two explanted opacified Aquasense™ IOLs (Ophthalmic Innovation International, Ontario, 

California, USA).

To isolate the straylight-causing effects of opacified IOLs, these IOLs will have to be measured 

separately from the rest of the eye. A specialised measurement set-up has been designed and 

validated for the purpose of establishing forward light-scattering properties of different kinds 

of lenses in-vitro (Figure 12.1).14-18 This set-up gives results directly comparable with straylight 

values as valid for the in-vivo situation.14-17 Thus, the data are comparable with results that can 
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be obtained in clinic on patients using a straylight meter such as the Oculus C-Quant. This is 

a clinically useful straylight meter specifically designed to objectively document and quantify 

the amount of straylight which a patient experiences.19,20 With this instrument, a functional 

measurement can be made which determines the amount of straylight caused by optical 

disturbances in the entire eye.19

Figure 12.1 Simplified drawing of in-vitro set-up for measuring light-scattering from intraocular lenses.

materIalS aND methoDS

The Aquasense™ hydrophilic acrylic IOL (Ophthalmic Innovation International, Ontario, California, 

USA) was used in several hospitals of the northwest UK between 1999 and 2001. The exact number 

of patients who received these implants is not clearly known. From 5 months to 2 years after 

cataract surgery, several implants lost their clarity and became opaque. Lens exchange surgery 

was performed when patients complained of symptomatic reduction in quality of vision. Two 

explanted opacified Aquasense™ IOLs were preserved for the present study. As is usual in this 

situation, before lens exchange surgery both patients had Snellen visual acuity of 6/6 but severe 

complaints of haziness of sight. Slitlamp and microscopic examination of the two explanted 

opacified Aquasense™ IOLs was performed, and the light-scattering behaviour of these lenses 

was studied. 

Light-scattering was measured with the same set-up used in previous studies to evaluate the 

scattered light of donor lenses and spectacle lenses (Figure 12.1).14-18 Following is a summary 

of methods that were described in detail previously. 14-18 The Aquasense™ IOLs were placed in a 

special holder filled with isotonic sodium chloride solution. All measurements were performed in 

scotopic light conditions. With a halogen lamp as light source, a pencil beam of 4 mm diameter 

was projected on the IOL. A Princeton Instruments NTE/CCD 512-TKB CCD measuring camera 

was moved in a plane around the sample, and measurements were made at different angles. The 
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straylight parameter s could be calculated as a function of angle, based on the amounts of light 

registered by the camera and the total amount of light going through the IOL. After correction 

for the effects of reflection and refraction at the liquid-air interface of the lens holder – that is, as 

valid for the interior of the eye –, angles of -22º, -15º, -11º, -7.5º, -5.2º, -3.0º, -1.7º, 3.0º, 5.2º, 7.5º, 

11º, 15º and 22º were used. Usually, results are expressed as the logarithmic value of the straylight 

parameter s (log (s)).

reSultS

Microscopic and slitlamp examination of the two explanted IOLs revealed a diffusely and almost 

uniformly white opacity of the IOL optics (Figure 12.2). The anterior surface of one of the IOL 

optics had a diffusely wrinkled appearance and a clear imprint of the capsulorhexis (Figure 12.3).

Figure 12.2 Explanted opacified Aquasense intraocular lens.

Figure 12.4 shows the straylight values of both lenses expressed as logarithm of the straylight 

parameter s at different angles. The straylight parameter is highest at large angles. Around the 0º 

angle, the straylight parameter clearly drops to lower values. At 7.5º, log(s) is around 1.8 and 2.9 

for the two lenses respectively.

DISCuSSIoN

Several studies have examined explanted opacified IOLs.1,3,5,8,9,11 Most have focused on the 

composition of the deposits by examining the explanted implants by different techniques, 
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including light microscopy, scanning electron microscopy and wavelength-dispersive x ray 

spectroscopy.1,3,5,7-9,11 This is the first study to objectively document and isolate the effects of 

opacified lenses on quality of vision, by measuring the amount of straylight caused by opacified 

IOLs.

Visual acuity in patients with opacified IOLs can remain surprisingly good, despite severe 

complaints of reduced quality of vision.6,10 Symptoms and subjective complaints correlate well 

with the severity of IOL opacity seen at the slitlamp and less well with visual acuity.6 In the absence 

Figure 12.3 Diffuse opacification of one of the explanted implants with a wrinkled anterior surface and an 
imprint of the capsulorhexis on the anterior surface of the intraocular lens optic
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of straylight measurement, visual deterioration mostly corresponds to decreased contrast 

sensitivity or haziness of vision, and less with visual acuity.2,6,10 These findings can be explained 

by the present study. Spreading of light in the eye can be divided into two domains: 1) a small-

angle domain of up to approximately 30 min of arc, affecting visual acuity and 2) a large-angle 

domain from approximately 1º to 90º, leading to straylight and, consequently, glare.21 As can be 

seen in  Figure 12.4, around 0º a drop in straylight values is found for both lenses. This means 

that part of the light is projected directly on the retina, forming the retinal image, passing nearly 

undisturbed through the opacified IOLs, and the effect on visual acuity is negligible. However, 

in the large-angle domain, a whole different picture arises. To understand the complaints of the 

explanted opacified lenses on quality of vision, normal straylight values in the population have 

to be taken into account. Under 40 years of age, a normal value for log(s) is 0.9 (s = 8).12 This value 

increases to log(s) = 1.2 (s = 16) at age 65, which corresponds to a doubling in the amount of 

straylight.12  At 7.5º, which is close to the angle used in-vivo in the C-Quant, straylight values of 

the opacified lenses are log(s) = 1.8 (s = 63) and log(s) = 2.9 (s = 794) respectively. It can be easily 

Figure 12.4 Straylight values of both explanted opacified IOLs expressed as the logarithm of the straylight 
parameter s (log(s)) at different angles. The numbers 0122637B and 0069262X are IOL identification numbers. 
The IOL numbered 0122637B has a wrinkled anterior surface and an imprint of the capsulorhexis on the IOL 
optic.
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understood that these increases of 8 x and 100 x compared with young normal straylight values 

for the respective lenses will lead to a major reduction in quality of vision. 

Considering the above, visual acuity alone is not a good criterion for deciding to exchange an 

opacified IOL. This is also found in a previous study.6 After IOL exchange, Dagres et al found 

no significant improvement in visual acuity, because visual acuity before the exchange was 

surprisingly good, even when severe opacity was present.6 However, even if IOL exchange was 

followed by deterioration in best-corrected visual acuity, many patients were still satisfied.2 

This postoperative satisfaction can be better understood when improvement in postoperative 

straylight is considered. Among a normal pseudophakic population, usually straylight values 

return to an age-normal level or even to levels normal for younger eyes (super normal).12 For 

patients with opacified IOLs, this could mean an 8 x - 100 x reduction in amount of straylight.

In summary, in-vitro straylight measurements show that opacified IOLs may lead to 8 – 100 x 

increased straylight values as compared with young, normal eyes. This can explain and objectively 

document subjective complaints of reduced quality of vision in patients with opacified implants, 

despite good visual acuity. Lens exchange surgery can lead to significant visual improvement in 

these patients. 
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aBStraCt

Purpose

Clinical functional straylight measurements, defined psychophysically, are theoretically 

comparable to optically defined scatter, but no clinical proof of this relation has been published. 

This study reports on the unique opportunity to link straylight and scatter in a patient that had an 

opacified intraocular lens (IOL) explanted. 

Design

Laboratory investigation and clinical testing. 

Intervention

A 70-year old woman who had undergone Descemet stripping endothelial keratoplasty for 

Fuchs endothelial dystrophy presented with visual complaints due to an opacified IOL. Straylight 

measurements were performed with the C-Quant. After IOL explantation, in-vitro measurements 

of forward light-scattering by the IOL were performed with a validated optical set-up. 

main outcome measures

Comparison of functional straylight measurements with optical measurements of light-scatter. 

results

Before IOL explantation, straylight was log(s) = 2.22, which is twenty-fold increased compared 

with young, healthy eyes. One month postoperatively, straylight had improved to log(s) = 1.57, 

which is 4x lower than preoperatively and close to normal values for age-matched phakic eyes. 

Log(s) of the IOL was around 2.1, which corresponds well to the in-vivo straylight measurement. 

Conclusions

This is a unique clinical comparison of the in-vivo functional straylight measurement by the 

C-Quant with an in-vitro optical measurement of light-scatter, showing that both measurements 

are comparable in absolute sense. 
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INtroDuCtIoN

Intraocular lens (IOL) opacification can decrease quality of vision by an effect on visual acuity 

and on intraocular light-scattering.1-3 Which effect predominates, depends on the size of 

the disturbances. Large disturbances, with sizes of 100 µm to several millimeters, typically 

corresponding to aberrations, disturb visual acuity.1 Small particles, with sizes comparable to the 

wavelength of visible light, cause increased intraocular forward light-scattering and straylight.1 

Straylight is a functional term that denotes the visual effect of intraocular forward scattered light 

which is projected onto the patient’s retina. Straylight may disturb quality of vision even though 

visual acuity remains good and is the internationally known cause of disability glare.4  Clinically, 

this functional straylight measure can be assessed with the Oculus C-Quant (Oculus GmbH, 

Wetzlar, Germany), using the compensation comparison method.5 The measure for straylight is 

defined as part of the point-spread-function according proper definition.6 Although solid physical 

theory shows straylight according this definition to correspond precisely to light-scattering in 

the eye,7 and experimental proof was given using artificial light-scattering samples in front of the 

eye,6 one might wish for proof of this relation in the clinical situation. After all, straylight is defined 

and assessed functionally, as part of “subjective” vision, whereas scatter is defined and assessed 

optically. The present study reports on the unique opportunity to link straylight and scatter in a 

patient that had an opacified IOL explanted. With respect to usage of the word “subjective” above 

please note that usage of this word can give the false impression that such assessment is liable 

for influence by the subject. In the case of visual acuity this may be so, but this is not the case for 

straylight.6

The psychophysical measurement made in-vivo by the C-Quant is theoretically comparable to 

the in-vitro optical measurement, as described previously.7 However, clinical evidence for this 

assumption was lacking so far. Until now no optical instrument exists to assess correctly light-

scatter in the eye,8,9 although promising studies are under way.10 In the present study we describe 

a patient who presented with major straylight problems and was measured in-vivo with the 

C-Quant. Her subjective complaints were caused by an opacified IOL and were of such disturbing 

nature, that explantation of the IOL eventually was necessary. This explanted IOL was measured 

in-vitro in a validated optical set-up11, offering the unique opportunity to correlate and compare 

the functional clinical measurement with optical measurements. 

methoDS 

The Institutional Review Board (IRB) approval of the IRB of the Academic Medical Center was 

obtained. The research adhered to the tenets of the Declaration of Helsinki and informed consent 

was obtained from the patient.
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A patient with severe visual complaints due to an opacified IOL presented to the Department 

of Ophthalmology of a tertiary referral center, the Academic Medical Center in Amsterdam, the 

Netherlands. Functional straylight measurements with the Oculus C-Quant were performed 

before IOL explantation. After explantation, the isolated forward light-scattering caused by 

the lens was measured in-vitro with an optical set-up (Figure 13.1) , which has been designed 

and validated to investigate forward light-scattering properties of the crystalline lens, spectacle 

lenses and IOLs.7,11 This measurement set-up has been described in detail before. 7,11 In short, 

the explanted IOL is placed in a carefully cleaned holder filled with isotonic sodium chloride 

solution. A halogen light source illuminates the IOL. A Princeton Instruments NTE/CCD 512-TKB 

CCD camera is moved in a horizontal plane around the sample to collect the light scattered in 

forward direction by the IOL, which in-vivo would have fallen onto the retina. The scattered light 

is recorded at several predetermined angles (θin air = -30°, -20°, -15°, -10°, -7°, -4°, +4°, +7°, +10°, 

+15°, +20° and +30°), but after correction for the refractive index of the interior of the eye, these 

angles correspond to visual angles of -22°, -15°, -11°, -7°, -5.2°, -3.0°, -1.7°, 3.0°, 5.2°, 7°, 11°, 15° 

and 22° . The straylight parameter s can be calculated by dividing the amount of light registered 

by the camera at each angle by the total amount of light going through the IOL, apart from 

a calibration constant.7 Usually, results are expressed as the logarithmic value of the straylight 

parameter s (log(s)). The total amount of intraocular straylight can be calculated by adding the 

amount of straylight caused by the IOL or crystalline lens plus that of other structures of the 

eye, such as the cornea, iris, fundus, and sclera. The opacified IOL can be held responsible for 

the major increase in straylight levels of the patient, when the addition of the straylight level of 

the pseudophakic eye with a clear IOL plus the amount of forward light-scatter caused by the 

isolated explanted opacified IOL adds up to the straylight level of the pseudophakic eye with the 

opacified IOL. To simplify this calculation, the straylight parameter s can be used instead of the 

logarithmic value log(s).

Figure 13.1 Simplified drawing of validated in-vitro set-up for optical measurements of forward light-scatter 
from intraocular lenses (IOL).
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reSultS

A 70-year-old woman presented with Fuchs endothelial dystrophy and bilateral pseudophakia 

(Rayner one piece acrylic IOL). On presentation, corrected distance visual acuity (CDVA) in her 

right eye was 20/50 and in her left eye 20/40. She complained of hazy and deteriorating vision, 

which caused problems with daily functioning. Fundus examination was normal and in both 

eyes there were no signs of ocular inflammation. Her past medical history included type II 

diabetes mellitus, hypertension, breast cancer and colon carcinoma. The patient underwent an 

uncomplicated Descemet stripping endothelial keratoplasty (DSEK) in her right eye. The DSEK 

technique is similar to that previously described in detail by Melles et al.12,13 Organ cultured 

posterior donor discs were manually pre-dissected  by the cornea donor bank (Amnitrans Cornea 

Bank, Rotterdam, Netherlands) and stored in CorneaMax solution (Eurobio Lab., France) before 

transplantation.14 Fourteen days postoperatively air was injected into the anterior chamber as 

the posterior lamellar transplant had detached. This resulted in a successful reattachment of 

the graft. Otherwise the postoperative follow-up was uneventful. The patient was treated with 

topical corticosteroids, which were slowly tapered to once daily five months postoperatively. Two 

months after DSEK, visual acuity had improved to 20/40 and the patient was satisfied. However, 

visual complaints gradually recurred while subjective quality of vision worsened over the next 

months. Seven months postoperatively, CDVA of the right eye had diminished to 20/50. Figure 

13.2 shows the result of the in-vivo straylight measurement of the right eye of this patient, as 

seen on the C-Quant operator screen after the measurement. The lower graph gives the patient’s 

responses in the initial (filled blue circles) and final (red Xs) phase of the measurement. The red 

curve is the psychometric function fitted to these responses, while the gray curves are the upper 

and lower limits of the age-related normal psychometric function. The straylight value is marked 

with a red dot in both the lower and the upper graph. In the upper graph, the solid black line shows 

the normal straylight values as a function of age for healthy eyes with the upper and lower 95% 

confidence limits (gray zones). The parameters “Esd” and “Q” are used to estimate the reliability 

of the measurement. Straylight of the right eye was log(s) = 2.22, which is hugely increased 

compared with healthy eyes. The patient was visually handicapped by the diminished and hazy 

vision and increased disability glare. Slitlamp examination showed an attached posterior lamellar 

graft, a clear central cornea and a deep and quiet anterior chamber. Central corneal pachymetry 

was 680 µm and pupil diameter was 3.5 mm. A fine, pigmented deposit was visible on the anterior 

surface of the IOL, which covered the central part of the optic. (Right upper side of Figure 13.2; the 

deposit is indicated by an arrow) 

One month later, subjective complaints, CDVA and straylight of the right eye remained the same 

and the deposit was unchanged, despite a course of intensive topical corticosteroids. Attempts 
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to remove the deposit surgically with forceps or with a YAG capsulotomy were unsuccessful. The 

patient was so disturbed by the increased straylight and hazy vision of her right eye that she 

preferred to keep the eye closed continuously. Fifteen months after DSEK, she underwent an IOL 

exchange procedure. The IOL and capsule were removed surgically, an anterior vitrectomy was 

performed and an anterior chamber IOL (Artisan, Ophthec, the Netherlands) was inserted in the 

eye. Immediately after surgery, the patient noted an improved quality of vision. One week after 

IOL exchange, CDVA was 20/50 and straylight values of the right eye had decreased to log(s) = 

1.81, which is a significant decrease compared to preoperatively. One month postoperatively, the 

patient was very happy with the postoperative result. CDVA had improved to 20/40 and straylight 

was log(s) = 1.57, which is 4x lower than preoperatively and close to normal values for phakic eyes 

of that age. The central cornea remained clear with a central corneal thickness of 691 µm. At the 

last follow-up visit eighteen months later, CDVA and straylight had remained at the same level.

Figure 13.3 shows the straylight values expressed as log(s) of the patient as measured with the 

Oculus C-Quant, and of the explanted IOL at different angles as measured with the optical set-up. 

Around the 0° scatter angle, the straylight parameter drops to lower values. Around 7°, which is 

the angle used for the clinical measurements made by the Oculus C-Quant, the straylight values 

of the explanted IOL are highest, with log(s) around 2.1, which corresponds well to the in-vivo 

measurements.

Figure 13.2 Result of the in-vivo straylight measurement of the patient with an opacified intraocular lens. 
The straylight value is marked with a red dot. Straylight was log(s) = 2.22, which is hugely increased compared 
with healthy eyes. In the right side of the figure a photograph of the explanted opacified intraocular lens is 
placed. A fine deposit covers the central anterior part of the optic and is indicated by the arrow.
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DISCuSSIoN

This study is the first clinical comparison of the in-vivo functional measurement made by 

the C-Quant with an in-vitro optical measurement of straylight. The psychophysical in-vivo 

measurement with the Oculus C-Quant was performed by a patient with major straylight 

complaints due to an opacified IOL. After IOL explantation, it was possible to isolate and quantify 

the amount of straylight caused by this IOL with the in-vitro optical set-up. Comparison of these 

measurements showed, that the amount of straylight caused by the explanted IOL was similar 

to the preoperative in-vivo straylight value, and that both measurements are indeed clinically 

comparable, as was hitherto only shown theoretically.7

Opacified IOLs after DSEK are a postoperative complication, of which the precise nature and 

cause are as yet unknown.15 Several other forms of IOL opacification are described in literature, 

including diffuse opacification,2,3 “whitening”,16 calcification of hydrophilic acrylic IOLs17 and 

glistening,18 but none of these exactly matched our findings.  Unfortunately, in our study the 

exact nature of the deposit covering the IOL optic is unknown, as laboratory investigation of the 

opacifying substance was not performed. When considering the influence on quality of vision of 

the different forms of opacification, glistenings do not seem to have much effect,18 especially on 

visual acuity and contrast sensitivity, whereas detailed straylight research is needed. However, 

diffuse opacification and whitening lead to clear glare complaints, objectifiable as straylight 
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increase, and sometimes necessitate IOL exchange, even though the effect on visual acuity is 

rather small.2,3,16 

As reported here and earlier,2 severe complaints of reduced visual function occur in patients with 

opacified IOLs, despite fairly good visual acuity.2 This can be understood by considering the two 

functional domains of the point-spread function, a small-angle and a large-angle domain.6,19 

Visual acuity is affected by the small-angle domain, while straylight corresponds to the large-

angle domain.6 Because both domains affect quality of vision independently, the measurement 

of visual acuity alone is insufficient to appropriately assess quality of vision, and straylight 

measurements have additional value.6 In our present study, the assessment of the large-angle 

domain as measured at 7° shows hugely increased straylight. A normal straylight value for a 

healthy, young eye is log(s) = 0.9 (s=8). The explanted deposit-covered IOL showed strong 

scattering, close to the in-vivo straylight value of log(s)=2.22 (s=166), corresponding to a twenty-

fold increase of straylight compared with a healthy, young eye. Such a major increase in straylight 

will lead to severely reduced quality of vision. This study gave evidence that the opacified IOL 

was responsible for the hugely increased straylight. The patient’s pseudophakic eye with clear 

IOL had a straylight value of log(s)=1.57 (s=37). Before IOL exchange the patient had an in-vivo 

straylight value of log(s)=2.22 (s=166), so the increase in straylight parameter s was 166-37=129, 

corresponding to log(s)=log(129)=2.1. This is exactly the amount of straylight which the explanted 

opacified IOL caused in the in-vitro set-up. In our patient, visual acuity was much less affected by 

IOL opacification than straylight. This corresponds to the finding illustrated in Figure 13.3, where 

around 0° the values decrease. Part of the light passes undisturbed through the uncovered part 

of the IOL, to form a proper retinal projection, albeit of decreased intensity, but sufficient for 

relatively good acuity. This can be compared with the situation with a small capsulorhexis, where 

also visual acuity can remain good up till very small capsulorhexis sizes, whereas straylight can be 

increased considerably.20 A more precise understanding of this dissociation between visual acuity 

and straylight can be derived from Figure  9 of reference 19. 

When patients present with IOL opacification and subjective complaints of reduced visual quality, 

the decision whether to perform an IOL exchange should not be based on visual acuity alone.2 

Visual acuity is a subjective investigation entirely dependent on patients’ responses. This makes 

it rather unreliable and less repeatable, as it can easily be influenced one way or the other by 

malingering or encouragement. Although the clinical examination of the amount of straylight 

does need patient responses, the design of the compensation comparison method is such that it 

cannot be biased by the patient, making it objective, free of learning effects, and repeatable.21-23 

Moreover, this study has shown clinical evidence that the functional measurements made by 

the patient are equal to optical in-vitro measurements. Measuring straylight values is a useful 
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independent indicator of visual function, which correlates better than visual acuity to subjective 

complaints of these patients and the severity of IOL opacity as seen with the slitlamp. Because 

straylight and visual acuity are two separate aspects of visual function, straylight has additional 

value to visual acuity in the understanding of patients’ complaints and in the preoperative 

decision making process.
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geNeral DISCuSSIoN aND Summary

This thesis describes new insights in the role of clinical straylight measurements in patients 

with ocular anterior segment disorders. Ocular straylight involves the fraction of the incoming 

light that is scattered by the ocular media.1-3 It does not contribute to the normal retinal image 

formation, but generates a rather homogeneous haze over the entire retina instead.4,5 This leads to 

a decrease in quality of the retinal image and complaints of hazy vision, increased glare hindrance 

and loss of colour and contrast perception.1-12 Ocular straylight is a comparatively new factor to 

be taken into consideration in clinical practice. It has been studied for years in experimental and 

laboratory settings and recently a survey paper has appeared.4 The concept of straylight fills a 

gap in the evaluation of patients with visual complaints, as straylight measurements are able 

to translate subjective complaints into quantifiable and reproducible results which provide a 

valuable contribution to visual tests already in use. The aims of this thesis were to study 1) the 

influence of the healthy and diseased anterior ocular segment on the amount of straylight and 2) 

which contributions straylight measurements can make in the diagnostic and therapeutic process 

of several corneal and lenticular disorders, in relation to the commonly accepted and universally 

used visual function measures such as visual acuity and slitlamp evaluation.  The studies in 

this thesis provide additional insights in the clinical relevance of straylight measurements in a 

multifold of diseases and disorders which can be encountered in the practice of an ocular anterior 

segment surgeon. 

Chapter one introduces the subject of intraocular straylight. It describes the theoretical 

principles underlying straylight formation, how straylight can be measured and the potential 

place of straylight measurements in the clinical assessment of patients. It is a long-established 

practice that the assessment of visual function is dominated by visual acuity measurement, but 

these measurements are not able to correctly represent all aspects of quality of vision.1,4,5,7,8,12-19 

Intraocular straylight and visual acuity are only weakly correlated3-9,13,16,20-22 and visual impairments 

caused by increased straylight differ markedly from those caused by decreased visual acuity.5-7,21 

Although clinical overlap may exist, typical straylight complaints can develop separately from 

visual acuity-associated complaints.1,3,13,21 This can be understood by looking at the point spread 

function (PSF; see Figure 1.4), which consists of different domains, which each contribute in a 

distinct but complementary fashion to visual functioning.3,13 Visual acuity corresponds to the 

central, very steep peak of the PSF,1,3,6,8,21 while straylight relates to a different area and is defined 

as the outer part of the PSF from 1 to 90°.1,3,4,6,8,10-12,21,23

Straylight can be measured clinically with the C-Quant (manufactured by Oculus Optikgeräte 

GmbH, Wetzlar-Dutenhofen, Germany), which is based on the psychophysical Compensation 

Comparison method.10,11 The resulting functional straylight parameter s (usually the logarithmic 
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value is used: log(s)) expresses the amount of straylight as experienced by the patient.4 Straylight 

measurements with the C-Quant are suitable for routine clinical use in a busy practice, as they are 

quick and relatively easy to perform for the patient. Moreover, they are highly reproducible and 

resistant to fraud by both subject and operator.4,10,20,24

Average straylight values for young, healthy, Caucasian eyes are around log(s)=0.9,2-4,7-9 but the 

amount of intraocular straylight may greatly increase in the presence of ocular pathology.2-5,7 The 

anterior ocular segment has a particularly large influence on the amount of intraocular straylight, 

starting already with the young and healthy eye when the cornea and lens each contribute 

around 1/3 to intraocular straylight.6,22,24 Case descriptions in Chapter one illustrate how straylight 

can be considered as the missing part of the clinical evaluation of visual function and in which 

way straylight measurements can add to the clinical assessment of patients with decreased visual 

quality. 

The considerable effect of the anterior ocular segment on the amount of intraocular straylight 

is outlined in more detail in Chapter two. In this chapter the impact of the healthy and diseased 

cornea and lens on intraocular straylight is elucidated and a short literature review is given for 

each of the chapters constituting this thesis, in which the circumstances are described which led 

to the separate studies underlying each chapter. Chapter 2 also delineates the organization of 

this thesis: the first part focuses on corneal light-scatter, while the second part is involved with 

several forms of lenticular light-scatter.

Straylight and the cornea

The first part of the thesis is dedicated to straylight measurement in corneal disorders. Corneal 

tissue has been shown to be particularly susceptible to changes that generate straylight.4,6 

Although age does not lead to major changes in the amount of corneal light-scatter,4,24 small 

changes in corneal clarity at any level of the corneal anatomy may have a large influence on 

intraocular straylight.2,4 This inspired us to use straylight measurements to evaluate healthy 

corneas which were manipulated in some way, as described in Chapters 3 and 4, as well as 

diseased corneas, as depicted in Chapters 5 and 6.

Chapter three describes the visual effects of one of the most prevalent manipulations of the 

corneal environment, which is contact lens wear. This chapter reports the results of a study of 

corneal light-scatter in habitual contact lens wearers with healthy corneas, which aimed to clarify 

the light-scattering effect of contact lenses and associated corneal changes in rigid and soft 

contact lens wearers. Straylight levels were related to subjective complaints and contact lens and 

corneal characteristics.  Straylight was measured during contact lens wear and after contact lens 

removal in 30 rigid contact lens wearers and 30 soft contact lens wearers. All participants were 
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examined with the slitlamp to grade anterior segment changes using Efron grading scales and 

to score contact lens features. Subjective complaints related to straylight were assessed with a 

questionnaire, which assessed straylight hinderance in different circumstances (e.g. driving after 

dark). 

This study showed that the amount of intraocular straylight experienced by soft contact lens 

wearers and normal subjects was comparable, both during contact lens wear and after contact 

lens removal.  However, in rigid contact lens wearers straylight was strongly increased while 

contact lenses were worn. It decreased significantly after rigid contact lens removal, but 

remained elevated compared to values in normal eyes. The questionnaire confirmed these 

findings and showed more straylight complaints in rigid contact lens wearers than in soft contact 

lens wearers. We could not link straylight levels to slitlamp findings, as slitlamp evaluation did 

not show clinically significant corneal changes in the contact lens wearers. Although intraocular 

straylight in rigid contact lens wearers correlated with the amount of deposits found on the 

contact lens, it did not with other variables of the contact lens score. 

Chapter four describes the consequences for intraocular straylight when complications occur 

after laser refractive surgery of healthy corneas.  In three eyes which developed epithelial 

ingrowth after laser in situ keratomileusis, straylight was measured before and after the ingrowth 

was removed. When epithelial ingrowth did not reach the pupillary opening, no significant 

change in straylight level was observed after ingrowth removal. However, when the epithelial 

ingrowth reached the pupillary opening, the light-scattering effect was several factors larger than 

the influence on visual acuity. Ingrowth removal significantly lowered the amount of straylight: a 

3.6-fold reduction in one eye and a 10-fold decrease in the other eye, while uncorrected distance 

visual acuity (UDVA) improved from 0.25 (20/80) in both eyes to 1.0 (20/20) and 0.8 (20/25), 

respectively. 

The studies reported in Chapters 3 and 4 are important for elucidating the visual effects of 

manipulation of healthy corneas which are situated in normal ocular surroundings of mostly 

young individuals. The effect on straylight can be quite different from the effect on visual acuity. 

As young persons have high visual demands, straylight measurements may offer an explanation 

for subjective visual complaints which may be present despite excellent visual acuity. As contact 

lens wear and refractive surgery are both common among young, working adults with healthy 

eyes, increased awareness of this cause of possible visual problems in this population is very 

valuable.  

In Chapters five and six, attention is given to the effect of corneal disease on straylight. Fuchs’ 

corneal endothelial dystrophy is characterized by accelerated loss of corneal endothelial cells, 
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leading to a diminished barrier and pump function and loss of corneal clarity by increased corneal 

hydration.25,26 The treatment of choice is Descemet stripping endothelial keratoplasty (DSEK), in 

which the diseased endothelium and Descemet membrane are surgically removed and replaced 

by a thin layer of donor stroma, Descemet membrane and endothelium.27-29 Chapter five reports 

our study of quality of vision in patients with Fuchs’ endothelial dystrophy and the improvement 

in visual quality after DSEK. The department of Ophthalmology of the Academic Medical Center 

(AMC) in Amsterdam, the Netherlands, collaborated with Mayo Clinic, Minnesota, Rochester, USA. 

At both sites phakic and pseudophakic patients with Fuchs’ endothelial dystrophy were enrolled. 

At the AMC 99 eyes were included in an observational case series (Amsterdam group), while at 

Mayo Clinic 48 eyes were entered in a prospective interventional case series (Mayo group). The 

Mayo group underwent DSEK, which was combined with cataract extraction in phakic patients, 

and was also examined at 1, 3, 6, and 12 months after DSEK. Eyes with Fuchs’ endothelial 

dystrophy had severely impaired quality of vision by reduced visual acuity (mean [SD], 0.42 [0.26] 

logMAR; Snellen equivalent 20/53) and a worsening in the amount of straylight (mean [SD], 1.54 

[0.24] log(s)) compared with healthy eyes. Although the presence of corneal endothelial changes 

and stromal edema in eyes with Fuchs’ endothelial dystrophy deteriorates both aspects of quality 

of vision,25,26,28 visual acuity and straylight may be affected differently, as was shown in this study. 

Younger patients suffered more from elevated straylight levels than from decreased visual acuity, 

while for elderly patients the opposite was the case. This study showed that DSEK was successful 

in improving postoperative quality of vision significantly, as in the Mayo group both visual acuity 

and straylight levels improved at all postoperative examinations. LogMAR visual acuity improved 

from 0.43 preoperatively to 0.35 after 1 month, 0.27 after 3 months, 0.23 after 6 months to 0.17 

after 12 months. For straylight these values were 1.55, 1.41, 1.36, 1.35 and 1.35, respectively (P < 

.001 in all cases). Straylight improved more in younger than in older eyes after DSEK. Postoperative 

improvement in straylight was more predictable than that of visual acuity and was associated 

with a preoperative straylight level of more than 1.33 log(s). 

It can be quite difficult to decide when the time is right for surgical intervention in patients with 

different ocular anterior segment disorders who present with subjective visual complaints but 

relatively good visual acuity. The balance between operative risks and benefits is delicate and 

it is necessary to have a clear understanding of the postoperative gain which can be expected. 

This study made a useful contribution to preoperative clinical decision making in patients with 

Fuchs’ endothelial dystrophy, in showing that straylight measurements can be very helpful in 

accurately predicting in which patients postoperative improvement is likely to occur. Straylight 

measurements can be especially helpful in patients with subjective complaints and a preoperative 

visual acuity close to 20/20.



224

Chapter 14  

14

In Chapter six, attention is focused on the long-term follow-up after DSEK. Visual quality several 

years postoperatively is evaluated. In this study thirty-four eyes were examined, which all had 

undergone DSEK for Fuchs’ endothelial dystrophy 6 to 64 months previously (mean postoperative 

time was 1027 ± 453 days). Best-corrected visual acuity and straylight were analyzed and correlated 

with corneal parameters as corneal thickness and haze. The 39-item National Eye Institute Visual 

Function Questionnaire (NEI-VFQ-39) and a straylight questionnaire were used to evaluate how 

patients experienced their vision-related quality of life. In this group of patients with long-term 

postoperative follow-up after DSEK, mean best-corrected visual acuity was 0.33 ± 0.19 logMAR 

and straylight averaged 1.47 ± 0.19 log(s). Thus, both remained significantly reduced compared 

with age-related, healthy pseudophakic eyes. These values are also worse than in the patients 

which were evaluated up to one year post-operatively in Chapter 5. However, from these data it 

cannot be concluded that a worsening in quality of vision will occur with longer postoperative 

follow-up, as these groups cannot be compared. Many of the patients in the study of Chapter 6 

were operated several years previously in the early days of DSEK. The surgical technique was still 

developing and the learning curve of the surgeon should be taken into account. Correlation of 

quality of vision with corneal parameters was weak, only best-corrected visual acuity correlated 

with corneal haze (r = 0.50), whereas straylight did not (P = 0.12), and both visual acuity and 

straylight did not correlate with corneal thickness. Slitlamp examination of corneas after DSEK 

surgery thus cannot offer an adequate explanation for decreased postoperative visual quality 

in these patients compared with normal pseudophakic eyes of the same age. Mean NEI-VFQ-39 

score was 77/100, and mean score of the straylight questionnaire was 46/100, which indicated 

mild (NEI-VFQ-39) to moderate (straylight) subjective visual impairment. 

DSEK surgery has become a standard procedure and a substantial part of our outpatient 

population consists of patients who have undergone this type of surgery. Many of these patients 

retain diminished visual quality, while the slitlamp examination shows a clear cornea with an 

attached donor disk. This study contributes to the understanding of these patients, and the finding 

that slitlamp examination cannot offer a sufficient explanation for decreased postoperative visual 

quality or persisting subjective complaints in these patients has considerable clinical relevance. 

The increased straylight levels are in agreement with the reduction in visual acuity and are most 

likely caused by persisting abnormalities in the operated cornea, which prevent visual quality to 

fully recover to normal levels. Several attempts have been made to localize in which corneal layer 

the disturbing corneal opacities are situated, which are responsible for the unsatisfying visual 

outcomes.21,28,30 It is interesting that the newest surgical technique in this field, the Descemet 

membrane endothelial keratoplasty (DMEK), in which only endothelial cells on a Descemet 

membrane are transplanted, seems to promise a significant improvement in quality of vision 

postoperatively compared to DSEK.31-33 Patients who have undergone DMEK may achieve nearly 
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normal straylight (personal experience) and visual acuity31-33 levels after surgery. However, it is 

a technically very difficult surgery. In the AMC, several patients have undergone DMEK surgery 

since 2011.  

Straylight and the lens

The lens is known to have a remarkably large influence on straylight, as is described in Chapter 

2. With increasing age the lens becomes more and more opaque, eventually leading to cataract 

formation. Cataract is highly frequent among the population and has a direct effect on the amount 

of intraocular light-scatter, leading to hugely elevated straylight levels.4-9,15,16,24 Cataract surgery is 

regularly performed worldwide and an exact knowledge of the visual effects of crystalline lens 

opacities is necessary for accurate preoperative appraisal. Postoperative results depend for a 

considerable part on the influence of intraocular lenses (IOLs) and the remnants of the intraocular 

lens capsule on visual function. The second part of the thesis contributes to further elucidation 

of the influence of cataract, IOLs and lens capsules on quality of vision by studying straylight 

measurements in lenticular disorders. In chapter 7, results of cataract surgery are evaluated. The 

effects of the IOL and lens capsule on quality of vision are described in clinical studies in chapters 

8 and 9, and in-vitro in chapters 10 and 11. Chapters 12 and 13 are dedicated to the disturbing 

visual consequences of IOL opacification.

As so many cataract surgeries are performed globally, it engages a large amount of money and 

other resources and accurate preoperative assessment is of paramount importance, as well as 

correct expectations of the postoperative results. This is especially true in current times, when an 

economic recession is present, medical expenses have to be cut back and insurance companies 

want a precise appraisal of preoperative indications and postoperative benefits. Moreover, 

with new possibilities in the form of multifocal, accommodating and toric IOLs, cataract 

surgery becomes more and more a form of refractive surgery. The expectations of patients 

surge accordingly, adding to the necessity of correct preoperative evaluation and estimation 

of postoperative improvement.  In certain cases, e.g. in patients with good to excellent visual 

acuity but complaints of insufficient visual quality, visual acuity is known to be deficient in 

this respect, as is also the case for Fuchs’ endothelial dystrophy, as described previously in this 

thesis.4,7-9,13,15,17-20 The need was felt to have better predictors of postoperative success.2,4,9,14,16,17,19 

The correlation between the amount of straylight and the extent of the cataract is better than 

that of other visual function measurements, such as visual acuity or contrast sensitivity,6,9  making 

straylight levels a better predictor of functional visual loss than visual acuity measurement.12,19 As 

cataract and straylight are so closely correlated, while straylight is only little correlated to visual 

acuity and is known to have functional importance, straylight measurements could have additive 

value in the preoperative decision making process concerning cataract surgery, and also in the 
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postoperative evaluation of visual functioning and postoperative results.3,4,6 This was investigated 

in a multicenter prospective interventional cohort study which is reported in Chapter seven. 

At two sites (Onze Lieve Vrouwe Hospital, Amsterdam, and Zonnestraal Eye Clinic, Hilversum, 

The Netherlands) 217 patients were included who visited the outpatient clinic for preoperative 

cataract assessment. Before and after cataract extraction, all patients underwent corrected 

distance visual acuity (CDVA) and straylight measurements and answered the NEI-VFQ-39 and 

a straylight questionnaire. Mean straylight of the preoperative population was 1.55 ± 0.29 log(s) 

and mean postoperative improvement was 0.31 ± 0.32 log(s) (range -0.50 to 1.27 log[s]).  Mean 

preoperative CDVA was 0.28 ± 0.21 logMAR, this improved postoperatively with a mean of 

0.26 ± 0.20 logMAR (range -0.12 to 1.12 logMAR). This study confirmed that visual acuity and 

straylight showed little correlation (R2 = 0.08), indicating that different aspects of visual quality are 

measured and that straylight values can have an additive value in preoperative decision making. 

Moreover, preoperative and postoperative questionnaires showed that straylight had almost 

equal influence as visual acuity on subjectively experienced quality of vision. It was possible 

to determine a preoperative breakeven point (50% chance of postoperative improvement) for 

our population for CDVA and straylight, which was 0.06 logMAR for CDVA and 1.29 log(s) for 

straylight. To account for the influence of both visual acuity and straylight, the values of both 

were added (on log scale) to calculate a value for total vision. This value offers a more complete 

and accurate predictor of postoperative improvement, as it takes both aspects of quality of vision 

in consideration, and it improved the postoperative predictability of the results. 

This study contributes to improved preoperative considerations of cataract surgery. It supported 

the addition of straylight values to the preoperative decision making process as these can make 

postoperative results more predictable.  

After cataract extraction quality of vision can remain an issue. Postoperative straylight values are 

expected to return to the levels of young, healthy eyes or even better, as light passes through a 

clear IOL in the same, nearly undisturbed way as through the young transparent crystalline lens.4,7,22 

However, the IOL is placed inside a capsular bag, which tends to become more or less opaque in 

the postoperative period. These opacities of the anterior or posterior part of the capsular bag 

will increase intraocular light-scatter and thus decrease visual quality.4 The effect of an opacified 

anterior capsulorhexis edge which overlies the periphery of the IOL optic is quantified in a model 

and documented in Chapter eight. Straylight was measured before and after pupil dilation in fifty-

six pseudophakic eyes with an intact capsulorrhexis. The difference in straylight values between 

natural and dilated pupils was correlated with the size of the capsulorrhexis and the opacity of 

the anterior capsular rim. Mean straylight with a natural pupil was log(s)=1.25 (range, 0.68-2.13), 

which increased with 62% to 1.46 (range, 0.88-2.22) after pupil dilation (P <.001). It was possible 
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to quantify the effect of capsulorrhexis size and opacity on the increase in straylight in dim light 

conditions by the following formula: Δs = 19 x (grading of anterior capsular rim) x (fraction of 

pupil area covered by rhexis). A straylight level of log(s)=1.47 corresponds to a doubling of the 

amount of straylight compared with a normal value for a 65-year old eye and can be considered 

as a limit value for safe driving at night, as a further increase will cause problems due to disturbing 

disability glare. Taking this straylight level into account, from the formula it can be calculated that 

the capsulorrhexis should be sized larger than 4 mm to prevent such important difficulties with 

functional vision.

The visual effects of the anterior capsule which overlies the IOL are much less known and studied 

than those of posterior capsule opacification (PCO), probably because the visual consequences of 

an opacified anterior capsule are not measurable with visual acuity testing. Indeed, as the anterior 

capsular edges usually do not obscure the central part of the IOL, no immediate effect on visual 

acuity is expected. This may lead to a misjudgement of the influence of the anterior capsule on 

postoperative visual quality in some patients. This study showed that a small capsulorhexis may 

cause an opacified anterior capsular rim to be visible in the pupil area in scotopic conditions and 

that this rim could influence postoperative quality of vision. It also increased the knowledge of the 

disturbing factors which may influence postoperative quality of vision. By quantifying the visual 

effects of an opacified anterior rhexis edge, it was possible to determine optimal capsulorrhexis 

size and improve surgical technique. 

Contrary to the visual effects of the anterior capsule, much is known of the visual influence of 

PCO.1,12,13,34-36 Several chapters of this thesis are dedicated to further elucidating and quantifying 

the effect of PCO on straylight both in-vivo and in-vitro. 

Nd:YAG capsulotomy is the treatment of choice for PCO12,34,35 and usually works well in restoring 

visual acuity and improving straylight.13,34,36 However, when the capsulotomy size is too small and 

the edges partly obscure the pupil area, the effect on visual function will be comparable to that 

of a small sized capsulorhexis. In Chapter nine visual complaints (photophobia) resulting from an 

insufficiently sized posterior capsulotomy are described, which could be properly quantified with 

straylight measurements. While visual acuity remained normal, straylight was 5x increased. After 

widening the posterior capsulotomy symptoms resolved. 

Chapters 8 and 9 confirm that straylight is very sensitive to the disturbing visual effects of capsular 

opacification. Straylight measurements are suitable to quantify and document visual symptoms 

caused by opacified lens capsules and may correspond better to subjective complaints than 

visual acuity measurement. When increased straylight is found in case of capsule opacities, even 

though visual acuity may remain normal, this could support an interventional decision. 
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To better understand and elucidate the effect of opacified lens capsules on light-scatter an in-

vitro model was used. The results are reported in Chapters ten and eleven. Capsular bags were 

isolated from post-mortem donor eyes and installed in an optical set-up, validated to measure 

light-scatter in-vitro.3,22  In Chapter ten, the effect of the morphology of capsule opacification on 

the scattering of light is reported. Characteristics of the light scattered by opacified lens capsules 

were compared with those of scatter in the normal eye. The angular dependence of light scattered 

by capsule opacities was rather similar to that of scatter in the normal eye, regardless of severity 

and type of capsular opacity. The angular and wavelength dependence indicated that the light-

scattering effect of opacified capsule is dominated by small particles, but the influence of larger 

elements with a refractile effect could also be shown. The two types of capsule opacification 

which were studied differed in their proportions of small, scattering particles and larger elements 

with refractile effects.  Fibrotic capsule opacification consists mostly of small structures and 

consequently exerts a larger influence on straylight than on visual acuity. In pearl-type capsule 

opacification, the refractile component of the larger particles is most pronounced and therefore 

the effect on visual acuity may dominate over the scatter effects, depending on PCO coverage 

within the pupillary area (Chapter 11). 

In Chapter eleven separate capsule areas with varying morphology and severity of capsule 

opacification were more extensively studied and the effect on light-scatter was quantified in 

terms of the straylight parameter s. Depending on the condition and clarity of the lens capsule, 

the scattering effect could range from 10x below to 10x above the average value for a normal 

eye, which was compatible with the variety in straylight values found in in-vivo pseudophakic 

eyes. To shed some light on the particles responsible for the light-scattering, characteristics of 

the scattered light were also studied. The angular dependence of light scattered by clear lens 

capsules was weaker than in a healthy eye, whereas for opacified lens capsules a similar (fibrotic 

type) or stronger (regeneratory type) angular dependence was found. Wavelength dependence 

of the scattered light was comparable for all capsule types. Both forms of opacified posterior 

lens capsules (fibrotic and regeneratory types) which were studied showed increased angular 

and decreased wavelength dependence at the smallest visual angles. Although the wavelength 

dependence indicated that small elements are responsible for light-scattering by opacified lens 

capsules, refractile effects by larger particles become more significant at small visual angles as 

indicated by this combined stronger angular and weaker wavelength dependence. 

The main advantage of these in-vitro studies is the possibility to isolate the light-scattering effects 

of the lens capsule from those of the other ocular media, which can never be accomplished in-

vivo. In this way it is possible to document the visual influences of the different types of capsular 

opacities, which can help to better comprehend symptoms in patients with capsular phimosis 
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(shrinkage of the anterior capsular rim) or PCO and support the decision whether to perform an 

Nd:YAG-capsulotomy. 

Another example of how in-vitro studies can directly influence and assist clinical practice by 

increasing awareness and aiding clinical decisions is shown in the following chapters, in which 

the isolated light-scattering effects of opacified IOLs are studied.

Postoperative visual quality after cataract extraction depends not only on the clarity of the 

lens capsule, but also for a large part on the characteristics of the implanted IOL. Although IOL 

opacities in some cases may have only little effect on visual acuity, they may hugely increase 

the amount of intraocular straylight. This might thus be another group of patients who present 

with visual complaints, despite fairly good visual acuity.37-39 The opportunity to perform quick 

and reliable straylight measurements in a relatively easy manner is a major improvement in the 

clinical assessment of these patients and it facilitates interventional decisions concerning surgical 

lens exchange. IOL exchange remains a somewhat difficult procedure, of which the chance of 

complications exceeds that of simple cataract extraction.38-40 This makes it more difficult to 

decide when operative intervention is indicated in patients with quite good visual acuity, despite 

obvious drawbacks in visual functioning due to the opacified IOL. Patient 3 described in Chapter 

1 offers a good example of a patient who was unmistakably hindered by the intraocular opacified 

IOL, but in whom visual acuity maintained at a reasonably good level. Straylight levels were 

markedly increased in this patient.  In Chapters twelve and thirteen, the previously mentioned 

in-vitro set-up was used to study the forward light-scattering characteristics, which are the cause 

of straylight, of opacified explanted IOLs. In Chapter twelve, the light-scatter caused by two 

explanted opacified Aquasense IOLs was examined. The explanted IOLs showed large increases in 

forward light-scatter. Scatter could be increased as much as 100x compared with straylight values 

of young, healthy eyes with clear media. Scatter values were highest at large angles and declined 

steeply around the 0° angle, which correspond to an enormous effect on straylight but little on 

visual acuity, and explains why quality of vision is reduced while visual acuity remains good. As 

the in-vitro set-up gives results comparable to straylight values as measured in in-vivo situations, 

in Chapter thirteen the light-scatter brought about by the explanted IOL could be directly 

related to straylight measurements performed in-vivo before the IOL exchange. In this chapter a 

patient is described in whom the IOL opacified after Descemet stripping endothelial keratoplasty. 

Straylight measurements were performed with the C-Quant and log(s) equalled 2.22, which is a 

twenty-fold increase compared with young, normal eyes. As visual complaints were severe, an 

IOL exchange procedure was performed. After IOL explantation, in-vitro measurement of forward 

light-scattering by the opacified IOL was performed, offering the unique opportunity to compare 

the clinical functional straylight measurement, defined psychophysically, with optically defined 
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scatter. Around 7°, which is the angle used for straylight values with the C-Quant, the scatter 

value of the explanted opacified IOL was equivalent to a log(s) value around 2.1. This value 

corresponded well to the in-vivo straylight measurement and showed that both measurements 

are clinically comparable. One month after IOL explantation the straylight levels of the patient 

had decreased to log(s) = 1.57.  This value is a clinically and statistically significant improvement; 

it is 4x lower than preoperatively and close to best normal values for age-matched phakic eyes. 

All studies described in this thesis have demonstrated how straylight measurements can 

complement the existing diagnostic modalities in an anterior segment practice in a clinically 

useful way. Straylight measurements take only a short time to perform, are not cumbersome 

to undergo for patients, give highly reproducible results even when performed by untrained 

patients and were shown to be reliable and resistant to fraud.4,10,20,24 The studies which form 

this thesis have shown that straylight measurements can support the diagnostic process by 

being helpful in better understanding patient’s complaints. Straylight measurements may even 

have a crucial role in the attempts to resolve these complaints in an extensive range of corneal, 

lenticular and capsular disorders. The place of straylight measurements in the clinical assortment 

of diagnostic tests has become more widely known in recent years. Patients with a wide variety 

of complaints and anterior segment problems are being referred to us specifically for straylight 

testing. Also, the use of the C-Quant straylight meter in other, national and international, 

ophthalmologic practices is increasing. Currently straylight has become a clinical factor which 

has to be taken into account; and the multitude of clinical experience, evidence and studies 

which have become available during the past years and are still mounting all clearly show how 

straylight can supplement our diagnostic arsenal and how much gain can be expected when 

straylight measurements are incorporated in clinical practice.4 This gain is multifold: in better 

understanding patients, but also in better documenting visual quality by having a quantifiable 

visual value to supplement visual acuity. This last can be of significance for research purposes, for 

preoperative choices, for postoperative evaluation of surgical results and for justifying surgical 

treatment to e.g. insurance companies or critical questions which are sometimes raised in society. 

New developments in cataract surgery, such as the use of femtosecond laser to perform part 

of the surgery or the availability of premium IOls, lead to cataract surgery obtaining more and 

more elements of refractive surgery. Consequently, preoperative anticipations of patients are 

high, patients are willing and even expecting to undergo cataract surgery at an earlier stage  

and the preoperative decision process becomes more and more demanding, as cataract surgery 

is contemplated in patients with normal to excellent visual acuity of 20/20 or better.14 This 

thesis has demonstrated that in these patients straylight measurements are a useful addition 

to the preoperative decision making process. However, the role of straylight measurements is 
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not limited to these patients, but is gaining widespread acceptance as part of the preoperative 

indication process and can also be very helpful in, e.g. patients with posterior polar cataract or 

cortical cataract. With the increase in surgical and technical possibilities, not only for cataract 

but also for corneal disorders, an expansion of the role of straylight in the preoperative phase 

can be expected.4 Accurate preoperative counseling demands an exact assessment of the 

preoperative problem; this thesis proves that straylight measurement can be a useful addition to 

the therapeutic process by supporting interventional decisions for the anterior segment surgeon. 
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SameNVattINg

Dit proefschrift beschrijft nieuwe inzichten in de klinische rol van strooilichtmetingen bij patiënten 

met aandoeningen van het voorsegment van het oog. Strooilicht betreft het deel van het in het 

oog vallende licht dat wordt verstrooid door de oogmedia.1-3 Het draagt niet bij aan de normale 

retinale beeldvorming, maar leidt tot een tamelijk homogene waas over de gehele retina.4,5 

Strooilicht vermindert de kwaliteit van het retinale beeld en kan leiden tot klachten van wazig 

zicht, toegenomen verblinding (glare) en verminderd kleur- en contrastzien.1-12 Hoewel strooilicht 

reeds vele jaren wordt bestudeerd in experimentele en laboratoriumstudies, is het een relatief 

nieuwe factor bij klinische overwegingen,4,5 omdat pas recent een apparaat voor klinisch gebruik 

beschikbaar gekomen is. Strooilichtmeting lijkt een waardevolle aanvulling te kunnen vormen 

op de visuele testen die reeds gebruikt worden om patiënten met visuele klachten klinisch te 

evalueren, aangezien strooilichtmetingen subjectieve klachten kunnen uitdrukken als een 

kwantificeerbare en reproduceerbare waarde. Het doel van dit proefschrift was 1) om de invloed 

van de verschillende onderdelen van het gezonde en zieke voorsegment op strooilichtwaarden 

te onderzoeken en 2) om de klinische aanvullende waarde van strooilichtmetingen te evalueren 

bij het diagnostische en therapeutische proces van verschillende corneale en lenticulaire 

aandoeningen ten opzichte van universeel gebruikte testen als gezichtsscherptemeting en 

spleetlamponderzoek. De onderzoeken in dit proefschrift vergroten de kennis van de klinische 

relevantie van strooilichtmetingen in een scala van aandoeningen van het voorsegment van het 

oog. 

Hoewel meting van de gezichtsscherpte reeds lang de beoordeling van de visuele functie 

domineert in de klinische praktijk, is deze meting niet in staat om alle aspecten van kwaliteit 

van zien te verklaren.1,4,5,7,8,12-19 Strooilicht en gezichtsscherpte zijn slechts in geringe mate 

gecorreleerd.3-9,13,16,20-22 Visuele stoornissen door toegenomen strooilicht verschillen van die 

veroorzaakt door een daling van de gezichtsscherpte.5-7,21 Hoewel er klinische overlap kan bestaan, 

kunnen typische strooilichtklachten ontstaan onafhankelijk van gezichtsscherpteklachten.1,3,13,21 

Dit kan worden begrepen met behulp van de punt-spreid-functie (PSF), die uit verschillende 

domeinen bestaat (zie Figuur 1.4 van de Introductie van dit proefschrift).3,13  Gezichtsscherpte 

correspondeert met het kleine hoek domein, terwijl strooilicht overeenkomt met het grote hoek 

domein van 1 tot 90 graden.1,3,4,6,8,10-12,21,23

Strooilicht wordt gemeten met de C-Quant (Oculus Optikgeräte GmbH, Wetzlar-Dutenhofen, 

Germany), die is gebaseerd op de psychofysische Compensation Comparison methode.10,11 De 

resulterende strooilichtparameter s (meestal weergegeven als logaritmische waarde: log(s)) is 

een functionele maat die uitdrukt hoeveel strooilicht de patiënt ervaart.4 Strooilichtmetingen 
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met de C-Quant zijn geschikt voor routinematig gebruik in een klinische praktijk, aangezien ze 

snel kunnen worden uitgevoerd en reproduceerbaar en frauderesistent zijn.4,10,20,24

Een gemiddelde strooilichtwaarde voor een jong, gezond, kaukasisch oog is ongeveer 

log(s)=0.9,2-4,7-9 maar deze waarde kan snel toenemen bij oogheelkundige pathologie.2-5,7 Het 

oogheelkundig voorsegment heeft een grote invloed op de hoeveelheid intraoculair strooilicht. In 

een jong, gezond oog dragen cornea en lens elk afzonderlijk ongeveer 1/3 bij aan de hoeveelheid 

strooilicht.6,22,24 Verschillende patiëntbeschrijvingen in hoofdstuk 1 van dit proefschrift illustreren 

op welke wijze strooilichtmetingen kunnen bijdragen aan de klinische beoordeling van patiënten 

met een verminderde kwaliteit van zien. 

Strooilicht en de cornea

Hoewel veroudering niet leidt tot grote veranderingen in corneale lichtverstrooiing,4,24 kan een 

kleine vertroebeling in elke afzonderlijke corneale laag grote invloed hebben op de hoeveelheid 

intraoculair strooilicht.2,4 Het eerste deel van dit proefschrift,  hoofdstuk 3 t/m 6, is gewijd aan 

corneale lichtverstrooiing in diverse omstandigheden. 

hoofdstuk 3 beschrijft de visuele gevolgen van één van de meest voorkomende manipulaties 

van de corneale omgeving, namelijk contactlensgebruik. Bij zachte contactlensdragers werden 

onder alle onderzochte omstandigheden normale strooilichtwaarden gevonden. Dragers van 

harde contactlenzen bleken echter duidelijk verhoogde strooilichtwaarden te hebben tijdens  

contactlensgebruik. Na het uitdoen van de harde contactlenzen verminderde de hoeveelheid 

strooilicht, maar bleef verhoogd ten opzichte van normale ogen. Met de strooilichtvragenlijst 

werd aangetoond dat harde contactlensdragers meer strooilichtklachten hebben dan zachte 

contactlensdragers. Met de spleetlamp kon echter geen goede verklaring worden gevonden 

voor dit verschil in hoeveelheid strooilicht. Bij spleetlamponderzoek werden geen klinisch 

significante corneale veranderingen gezien en de strooilichtwaarde correleerde uitsluitend met 

de hoeveelheid deposities op de harde contactlens, maar niet met andere contactlenskenmerken.  

In hoofdstuk 4 wordt het strooilichteffect beschreven van een andere manipulatie van de gezonde 

cornea, namelijk na corneale refractiechirurgie (LASIK). Epitheelingroei in het corneale snijvlak is 

een veel voorkomende complicatie hiervan. Strooilicht werd gemeten vóór en ná het verwijderen 

van epitheelingroei. Als de epitheelingroei niet reikte tot centraal in de pupilopening, werd geen 

effect op strooilicht gevonden. Het lichtverstrooiende effect van centrale epitheelingroei bleek 

echter fors te zijn en vele malen groter dan het effect op de gezichtsscherpte. Verwijderen van 

centrale epitheelingroei leidde tot een aanzienlijke daling van de hoeveelheid strooilicht, terwijl 

de ongecorrigeerde gezichtsscherpte nauwelijks veranderde. 
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In hoofdstuk 3 en 4 worden de visuele effecten van manipulatie van gezonde cornea’s in een 

normaal oog onderzocht. Het effect op strooilicht kan duidelijk verschillen van het effect op 

gezichtsscherpte. Dit kan verklaren waarom soms visuele klachten aanwezig zijn, ondanks een 

goede gezichtsscherpte. Aangezien contactlensgebruik en corneale refractiechirurgie veel 

voorkomen onder de jonge, werkende bevolking met gezonde ogen, is een toegenomen begrip 

van mogelijke visuele problemen in deze populatie met hoge visuele eisen zeer waardevol. 

Fuchs’ corneale endotheeldystrofie wordt gekenmerkt door een versneld verlies van 

corneale endotheelcellen, wat kan leiden tot een verminderde helderheid van de cornea 

door corneaoedeem.25,26 Deze aandoening wordt tegenwoordig bij voorkeur behandeld met 

Descemet stripping endothelial keratoplasty (DSEK), waarbij het aangedane endotheel en 

de onderliggende membraan van Descemet operatief worden verwijderd en vervangen door 

een donor lamel bestaande uit stroma, Descemet membraan en endotheel.27-29 hoofdstuk 5 

rapporteert een samenwerkingsverband tussen de afdeling oogheelkunde van het Academisch 

Medisch Centrum (AMC) en de Mayo Clinic, Minnesota, Rochester, USA.  De kwaliteit van zien werd 

onderzocht van patiënten met Fuchs’ endotheeldystrofie en de verbetering in visuele kwaliteit 

na DSEK. Fuchs’ endotheeldystrofie leidde tot zowel een verminderde gezichtsscherpte als een 

toegenomen hoeveelheid strooilicht. Bij jongere patiënten overheerste het strooilichteffect, 

terwijl bij ouderen de gezichtsscherpte meer was aangedaan. Na DSEK trad een significante 

verbetering van zowel strooilicht als gezichtsscherpte op, waarbij strooilicht meer verbeterde 

bij de jonge dan bij de oudere patiënten. Postoperatieve verbetering was beter voorspelbaar 

voor strooilicht dan voor gezichtsscherpte en was geassocieerd met een preoperatieve 

strooilichtwaarde van meer dan 1.33 log(s). 

hoofdstuk 6 beschrijft de langere termijn follow-up na DSEK, met een gemiddelde postoperatieve 

follow-up van 1027 ± 453 days. Gemiddelde gezichtsscherpte (0.33 ± 0.19 logMAR) en strooilicht 

(1.47 ± 0.19 log[s]) na DSEK waren significant minder dan in gezonde, pseudofake ogen van 

dezelfde leeftijd. Correlatie van strooilicht en gezichtsscherpte met corneale parameters als 

haze of dikte was zwak. Het is dus niet mogelijk door middel van spleetlamponderzoek een 

adequate verklaring te vinden voor de verminderde postoperatieve kwaliteit van zien. Zowel 

de strooilichtvragenlijst als de National Eye Institute Visual Function Questionnaire (NEI-VFQ-39) 

toonden subjectief verminderd visueel functioneren. 

Hoofdstukken 5 en 6 geven meer inzicht in de visuele resultaten van DSEK operaties. Preoperatieve 

besluitvorming kan lastig zijn bij patiënten met veel subjectieve visuele klachten ondanks een 

goede gezichtsscherpte. Een beter inzicht in de te verwachten postoperatieve winst is hierbij 
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zeer nuttig. Strooilichtmetingen ondersteunen deze overwegingen, doordat zij een betere 

voorspelling mogelijk maken bij welke patiënten postoperatieve verbetering te verwachten is. 

Strooilicht en de lens

De lens heeft een zeer grote invloed op de hoeveelheid strooilicht, zoals beschreven in hoofdstuk 

2. Een verouderende lens ontwikkelt cataract en dit leidt tot een forse strooilichttoename.4-9,15,16,24 

Cataractchirurgie wordt wereldwijd frequent uitgevoerd en om een goede preoperatieve afweging 

te kunnen maken, is exacte kennis van de visuele effecten van de kristallijnen lens, het lenskapsel 

en intraoculaire kunstlenzen (IOLs) noodzakelijk. Het tweede deel van dit proefschrift (hoofdstuk 

7 t/m 13) richt zich op de invloed van verschillende lenticulaire en lenskapselaandoeningen op 

kwaliteit van zien. 

hoofdstuk 7 beschrijft een samenwerkingsverband van de afdeling oogheelkunde van 

het Academisch Medisch Centrum, de afdeling oogheelkunde van het Onze Lieve Vrouwe 

Gasthuis en Oogziekenhuis Zonnestraal naar kwaliteit van zien vóór en ná cataractchirurgie. De 

gemiddelde postoperatieve verbetering van de hoeveelheid strooilicht was 0.31 ± 0.32 log(s) 

(range -0.50 to 1.27 log[s]) en van de gezichtsscherpte 0.26 ± 0.20 logMAR (range -0.12 to 1.12 

logMAR). Gezichtsscherpte en strooilicht correleerden nauwelijks (R2 = 0.08), wat bevestigt dat 

deze metingen verschillende aspecten van kwaliteit van zien beoordelen en dat strooilicht van 

aanvullende waarde kan zijn in het preoperatieve beslissingsproces.  Pre- en postoperatieve 

vragenlijsten toonden aan dat strooilicht en gezichtsscherpte de subjectieve visuele kwaliteit 

in vrijwel gelijke mate beïnvloeden. Er werd een preoperatief break-even point (50% kans op 

postoperatieve verbetering) bepaald voor zowel gezichtsscherpte als strooilicht. Om rekening 

te houden met de invloed van beide afzonderlijke waarden, werden zij samengevoegd tot één 

waarde voor ‘totale visus’. Deze waarde bleek een completer en nauwkeuriger beeld te geven 

van kwaliteit van zien, en een betere voorspeller voor postoperatieve winst te zijn dan beide 

afzonderlijke waarden. 

Een goede preoperatieve indicatiestelling voor cataractchirurgie is noodzakelijk, aangezien deze 

operatie wereldwijd één van de meest voorkomende ingrepen is. De toenemende mogelijkheden 

in de vorm van multifocale, torische en accommoderende kunstlenzen gaan bovendien gepaard 

met een toename van patiëntenverwachtingen. Gezichtsscherpte als preoperatieve overweging 

kan tekort schieten, zeker bij patiënten met een goede gezichtsscherpte die visuele klachten 

hebben.4,7-9,13,15,17-20  De ernst van het cataract correleert beter met de strooilichtwaarde dan met 

andere visuele functietests, zoals gezichtsscherpte of contrastsensitiviteit.6,9  Strooilichtmetingen 

kunnen dus bij cataract beter de mate van verlies van visuele functie voorspellen dan 
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gezichtsscherpte.12,19 Aangezien cataract en strooilicht gecorreleerd zijn, strooilicht nauwelijks 

gecorreleerd is met gezichtsscherpte en de hoeveelheid strooilicht van belang is voor het 

visueel functioneren, kan het toevoegen van strooilicht de preoperatieve besluitvorming voor 

een cataractoperatie en de beoordeling van de postoperatieve resultaten verbeteren, zoals 

aangetoond in hoofdstuk 7. 

Na een cataractextractie is de verwachting dat de hoeveelheid intraoculair strooilicht verbetert 

tot het niveau van een jong, gezond oog, aangezien het licht een heldere kunstlens op dezelfde 

wijze passeert als de jonge transparante kristallijnen lens.4,7,22 Het lenszakje waarin de kunstlens is 

geplaatst kan echter vertroebelen, waardoor de hoeveelheid strooilicht toeneemt en de kwaliteit 

van zien vermindert.4 Een randje van het voorste lenskapsel bedekt doorgaans de periferie van 

de optiek van de kunstlens. Dit randje wordt zichtbaar in scotopische omstandigheden (condities 

met een lage lichtsterkte, waarbij fysiologische pupilverwijding optreedt) en het visuele effect 

hiervan is gekwantificeerd in een model en weergegeven in hoofdstuk 8. De hoeveelheid 

strooilicht in pseudofake ogen bleek met 62% toe te nemen na pupildilatatie (P <.001). Dit werd 

veroorzaakt doordat de troebele rand van het voorste lenskapsel na pupildilatatie een deel van 

de pupilopening vertroebelde en hierdoor de hoeveelheid intraoculair strooilicht toenam. De 

grootte van de capsulorhexis (de opening in het voorste lenskapsel) en de mate van vertroebeling 

van het voorste lenskapsel beïnvloedden de strooilichtwaarde. De invloed van beide op de 

hoeveelheid strooilicht in scotopische omstandigheden kon worden gekwantificeerd met de 

volgende formule: Δs = 19 x (vertroebeling van voorste lenskapsel) x (fractie van pupilopening 

bedekt door voorste lenskapsel). Met deze formule kon worden berekend dat de opening in het 

voorste lenskapsel (de capsulorhexis) minimaal 4 mm moet zijn om postoperatieve functionele 

strooilichtproblemen te vermijden. 

De visuele effecten van het voorste lenskapsel zijn veel minder bekend en bestudeerd dan 

die van nastaar (troebeling van het achterste lenskapsel). Dit komt waarschijnlijk doordat een 

troebeling van het voorste lenskapsel geen direct effect heeft op de gezichtsscherpte, omdat 

het voorste lenskapsel doorgaans het centrale  deel van de optiek van de kunstlens niet bedekt. 

De visuele invloed van het voorste lenskapsel, zeker in scotopische omstandigheden, kan dus 

gemakkelijk onderschat worden, zoals blijkt uit hoofdstuk 8. Dankzij het onderzoek in hoofdstuk 

8 is een betere evaluatie van de postoperatieve resultaten en visuele kwaliteit na cataractextractie 

mogelijk, waardoor de operatietechniek verbeterd kan worden. 

De visuele effecten van nastaar zijn uitgebreid onderzocht.1,12,13,30-32 Nastaar wordt bij voorkeur 

behandeld met een Nd:YAG capsulotomie,12,30,31 waarna meestal gezichtsscherpte en strooilicht 

goed herstellen.13,30,32 In hoofdstuk 9 worden echter de visuele gevolgen (fotofobie) van een te 
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kleine YAG-capsulotomie beschreven. De subjectieve klachten konden worden gekwantificeerd 

met strooilichtmetingen. De gezichtsscherpte bleef normaal, maar de hoeveelheid strooilicht 

was 5x verhoogd. Na het vergroten van de capsulotomie opening verdwenen de subjectieve 

klachten en normaliseerde de hoeveelheid intraoculair strooilicht. 

Uit hoofdstukken 8 en 9 blijkt dat strooilichtmetingen zeer gevoelig zijn voor troebelingen van 

het lenskapsel. Aangezien de strooilichtwaarde beter overeenkomt met subjectieve klachten 

van kapseltroebelingen dan gezichtsscherpte, is strooilichtmeting zeer geschikt voor het 

kwantificeren van visuele hinder door kapseltroebelingen. Een verhoogde strooilichtwaarde kan 

een indicatie vormen voor een interventie, zelfs bij normale gezichtsscherpte. 

Om het strooilichteffect van troebele lenskapsels beter te begrijpen, zijn in-vitro studies verricht 

met lenskapsels uit post-mortem donor ogen. Deze lenskapsels werden onderzocht in een optische 

opstelling, die gevalideerd is om in-vitro strooilichtmetingen te verrichten.3,22  In hoofdstuk 10 

wordt het lichtverstrooiende effect gerelateerd aan de morfologie van de kapseltroebeling. 

Lichtverstrooiing door troebele lenskapsels werd vergeleken met lichtverstrooiing in een 

normaal oog. De hoek-afhankelijkheid van het verstrooide licht in beide situaties is vergelijkbaar, 

onafhankelijk van de hoeveelheid en soort kapseltroebeling. De hoek- en golflengte 

afhankelijkheid toonden aan dat het lichtverstrooiende effect van kapseltroebelingen werd 

gedomineerd door kleine deeltjes, maar er kon ook een invloed worden aangetoond van grotere 

deeltjes met een refractiel (licht brekend) effect. Er werden twee soorten nastaar bestudeerd, 

die ieder waren samengesteld uit een verschillende hoeveelheid kleine, lichtverstrooiende 

deeltjes en grotere, lichtbrekende deeltjes. Fibrotische nastaar bestaat voornamelijk uit kleine 

partikels en heeft dientengevolge een grotere invloed op strooilicht dan op gezichtsscherpte. 

Bij de regeneratieve nastaar overheerst de lichtbrekende component en daardoor domineert 

hierbij het effect op gezichtsscherpte over dat op strooilicht, afhankelijk van het deel van de 

pupilopening dat bedekt is door nastaar (hoofdstuk 11). 

In hoofdstuk 11 wordt het lichtverstrooiende effect van kapseltroebelingen met verschillende 

morfologie gekwantificeerd en uitgedrukt in de strooilichtparameter s. Afhankelijk van de 

conditie en helderheid van het lenskapsel kan het lichtverstrooiende effect variëren van 10x 

minder tot 10x meer dan de gemiddelde waarde voor een normaal oog. Dit komt overeen met 

de variatie in strooilichtwaarden die kunnen worden gevonden in-vivo in pseudofake ogen. De 

hoek-afhankelijkheid van het licht dat werd verstrooid door heldere lenskapsels was zwakker dan 

bij lichtverstrooiing in een gezond oog, terwijl bij fibrotische nastaar dezelfde en bij regeneratieve 

nastaar een sterkere hoek afhankelijkheid werd gevonden. De golflengte afhankelijkheid was 

vergelijkbaar voor alle soorten lenskapsels. Zowel fibrotische als regeneratieve nastaar toonden 
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vergrote hoek- en golflengte-afhankelijkheid in het kleine hoekdomein. Hoewel de golflengte 

afhankelijkheid erop wees dat kleine structuren verantwoordelijk zijn voor lichtverstrooiing door 

kapseltroebelingen, wordt het lichtbrekende effect van grotere deeltjes belangrijker in het kleine 

hoek domein, zoals aangetoond door een gecombineerde sterkere hoek- en zwakkere golflengte 

afhankelijkheid. 

Het belangrijkste voordeel van deze in-vitro studies is de mogelijkheid om de lichtverstrooiende 

karakteristieken van het lenskapsel te kunnen onderzoeken zonder invloed van de overige 

oogheelkundige media, waardoor beter inzicht wordt verkregen in de visuele invloed van 

verschillende soorten kapseltroebelingen. Subjectieve klachten door nastaar of kapselphimosis 

(het krimpen van de voorste rand van het lenskapsel) kunnen hierdoor beter worden begrepen, 

wat de besluitvorming omtrent het uitvoeren van een Nd:YAG capsulotomie kan ondersteunen. 

De in-vitro studies naar de lichtverstrooiende effecten van troebele kunstlenzen hebben 

eveneens directe klinische toepasbaarheid en een ondersteunende rol met betrekking tot 

klinische besluitvorming. Troebele geïmplanteerde kunstlenzen kunnen strooilicht fors 

verhogen en dus tot aanzienlijke subjectieve klachten leiden, terwijl ze weinig effect hebben 

op gezichtsscherpte.33-35 Operatieve verwijdering van een geïmplanteerde kunstlens is een 

lastige operatie met een hoger complicatierisico dan een cataractextractie.34-36 Dit maakt de 

preoperatieve afweging om wel of niet te opereren lastig, vooral in patiënten die wel subjectieve 

visuele klachten hebben, maar daarbij een goede gezichtsscherpte. Strooilichtmetingen kunnen 

een belangrijke bijdrage leveren aan de preoperatieve besluitvorming. In de hoofdstukken 12 

en 13 wordt beschreven hoe de in-vitro optische installatie is gebruikt voor het meten van de 

lichtverstrooiende effecten van troebele kunstlenzen. In hoofdstuk 12 wordt beschreven dat 

geëxplanteerde troebele Aquasense kunstlenzen in-vitro tot 100 x meer licht verstrooien dan de 

heldere media in jonge, gezonde ogen. De strooilichtwaarden waren het meest verhoogd in het 

grote hoekgebied, terwijl het effect rond de 0° veel minder was, wat overeenkomt met een groot 

effect op strooilicht maar zeer weinig op gezichtsscherpte. Dit biedt een duidelijke verklaring 

voor de klachten over een verminderde visuele kwaliteit terwijl de gezichtsscherpte goed blijft. 

Aangezien de uitkomsten van de in-vitro opstelling direct vergelijkbaar zijn met die van de in-

vivo strooilichtmetingen, kon in hoofdstuk 13 de in-vitro gemeten lichtverstrooiing door een 

geëxplanteerde kunstlens direct gerelateerd worden aan in-vivo strooilichtmetingen die waren 

gedaan vóór de kunstlens explantatie. De in-vivo strooilichtmetingen waren 20x hoger dan in 

normale, gezonde ogen (log[s] was 2.22). Gezien de ernstige subjectieve klachten waarmee dit 

gepaard ging, vond een kunstlens-wissel plaats. De lichtverstrooiing door de geëxplanteerde 

kunstlens werd gemeten in de in-vitro setting. Dit bood de unieke mogelijkheid om de klinische, 



Nederlandse samenvatting en discussie 

 243 

15

functionele, psychofysisch gedefinieerde strooilichtmeting te vergelijken met de in-vitro optisch 

gedefinieerde lichtverstrooiing. Rond 7°, wat overeenkomt met de hoek gebruikt in de C-Quant, 

was de lichtverstrooiing door de geëxplanteerde kunstlens gelijk aan een log(s) waarde van 

ongeveer 2.1. Dit resultaat komt nauw overeen met de in-vivo gemeten waarde, waarmee is 

bewezen dat beide metingen vergelijkbaar zijn. 

De verschillende onderzoeken in dit proefschrift  tonen aan dat strooilichtmetingen een 

waardevolle klinische aanvulling zijn op de reeds in gebruik zijnde diagnostische modaliteiten in 

de oogheelkundige praktijk. Strooilichtmetingen ondersteunen het diagnostische proces en de 

therapeutische besluitvorming door een verklaring te bieden voor subjectieve visuele klachten 

in een range van corneale, lenticulaire en kapsulaire aandoeningen. De laatste jaren verwerven 

strooilichtmetingen grotere bekendheid. Patiënten met een grote variatie aan klachten en 

oogheelkundige voorsegmentsproblemen worden naar ons verwezen met als specifieke 

vraagstelling of strooilicht kan worden gemeten om het diagnostische of therapeutische proces 

te ondersteunen. Ook in andere, nationale en internationale, oogheelkundige praktijken neemt 

het gebruik van de strooilichtmeter toe. Het gebruik van strooilichtmetingen leidt, naast een beter 

begrip voor patiënten, tot betere documentatie van visuele kwaliteit met een kwantificeerbare 

waarde die de gezichtsscherptemeting kan aanvullen. Dit kan van belang zijn bij onderzoek, 

preoperatieve besluitvorming of de postoperatieve evaluatie van chirurgische resultaten. Er zijn 

veel nieuwe ontwikkelingen in corneale (verdere ontwikkeling van de lamellaire technieken) 

en cataractchirurgie (femtosecond laser, premium kunstlenzen). Hierdoor zal de preoperatieve 

indicatiestelling steeds scherper worden en zullen patiënten in een vroeger stadium en met 

een betere gezichtsscherpte voor een operatie in aanmerking komen. Ook de verwachtingen 

van patiënten zullen toenemen. Dit proefschrift heeft aangetoond dat strooilichtmetingen een 

waardevolle aanvulling zijn bij de preoperatieve besluitvorming bij verschillende oogheelkundige 

voorsegmentaandoeningen. 
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Lieve familie, vrienden, collegae en overige geinteresseerden, 

Het boek is (eindelijk) af! Wat een opluchting… 

Met plezier en warmte bedank ik een ieder die bij de totstandkoming van dit proefschrift 

betrokken is geweest. Gedurende de jaren die ik aan dit project werkte, zijn er ontzettend veel 

mensen die interesse toonden naar de vorderingen die ik maakte, en die meeleefden met de 

problemen die ik tegenkwam. Ik voel me gezegend met zoveel lieve en dierbare personen in 

mijn leven en ben erg dankbaar voor alle hulp en steun die ik heb ervaren. Graag wil ik een aantal 

personen speciaal noemen. 

Ten eerste natuurlijk alle patienten, die meededen aan de onderzoeken beschreven in dit 

proefschrift. Zonder hun medewerking was dit proefschrift er niet geweest. Hun opluchting, als 

hun klachten objectief gedocumenteerd werden met behulp van strooilichtonderzoek, terwijl 

dat soms met een gezichtsscherptemeting niet lukte, en hun enthousiasme, als zij inzicht kregen 

in de achtergrond van hun klachten, waren een belangrijke motivatie om het onderzoek te 

continueren. 

Tom, mijn co-promotor en leermeester, de ‘giant’ op wiens schouders ik mocht staan (de quote 

van sir Isaac Newton voorin dit boekje slaat ook zeker op jou!), die ik niet genoeg kan bedanken 

voor alle uitleg, ondersteuning en hulp. Het is moeilijk om de juiste woorden te vinden om jouw 

aandeel in dit project voldoende te waarderen. Het volstaat niet om te vermelden dat zonder 

jouw begeleiding deze onderneming nooit tot een einde was gekomen, want dat doet geen 

recht aan jouw warme persoonlijke betrokkenheid, je positieve energie en bezieling. Het was 

een plezier om met jou telkens opnieuw de uitdaging aan te gaan om de rol van strooilicht bij 

weer een ander oogheelkundig ziektebeeld te onderzoeken. Ondanks de vele zaken die jouw 

aandacht opeisen, wist en weet je altijd op zeer korte termijn tijd te maken om mijn stukken te 

corrigeren, mijn vragen te beantwoorden en mij verder op weg te helpen. De rust die je uitstraalt, 

geeft mij het vertrouwen dat problemen overwonnen kunnen worden. Door jouw inzicht en je 

interpretatie van onderzoeksuitkomsten wist je mij regelmatig te verrassen en qua kennis te 

verrijken. Je bleef altijd achter me staan en werd nooit ongeduldig als ik iets niet begreep, zelfs al 

had je dat al eerder uitgelegd. Ik vind het buitengewoon knap hoe je mij iedere keer weer weet 

te verbazen met jouw vermogen om (voor mij) ingewikkelde zaken helder en eenvoudig uit te 

leggen. Ik bewonder je kennis en structuur en heb erg veel van je geleerd. Het was een grote eer 

om met je samen te werken.

Maarten, mijn promotor en afdelingshoofd, graag bedank ik jou voor je snelle hulp bij en kritische 

blik op de manuscripten, die tot een duidelijke verbetering van dit boek hebben geleid. De 
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interesse die je altijd hebt getoond in de voortgang van het onderzoek, en het meedenken bij het 

uitzetten van de grote lijnen zijn zeer nuttig geweest. Het is erg prettig dat ik altijd op je steun en 

betrokkenheid kan rekenen, zeker ook in deze lastige tijden waarin er zoveel andere zaken spelen 

die je aandacht nodig hebben. 

Reinier, mijn promotor, jij bent degene die mij in contact heeft gebracht met Tom van den 

Berg, nadat jullie samen over strooilicht hadden gesproken op de weg van het AMC naar 

Abcoude/Baambrugge (naar ik mij meen te herinneren zat Tom op de fiets en jij in de auto). 

Je staat dus aan de basis van dit proefschrift. Daarnaast speelde je ook bij het initiëren van 

diverse onderzoeksprojecten (o.a. het multicenter-onderzoek naar strooilicht bij cataracten, in 

samenwerking met het OLVG en Zonnestraal) een grote, drijvende rol. Veel dank voor je hulp. 

Alle commissieleden dank ik hartelijk voor de bereidheid om in mijn commissie plaats te nemen 

en voor het nemen van de tijd om mijn manuscript kritisch te beoordelen.

Lies, in 2004 heb ik tijdens mijn fellowship in het Oogziekenhuis Rotterdam enorm veel van 

je geleerd. Elke keer dat we elkaar weer zien, gaat dat leerproces gewoon door! Ik heb grote 

bewondering voor jouw kennis, je operatieve vaardigheden en je menselijke manier van werken. 

Je bent en blijft een groot voorbeeld voor mij, en ik ben ontzettend blij dat je plaats wilde nemen 

in mijn commissie. 

Riel, als hoogleraar oogheelkunde met als aandachtsgebied cornea ben je nationaal en 

internationaal een grootheid. Je hebt een belangwekkende staat van dienst op zowel klinisch 

als wetenschappelijk vlak ten aanzien van cornea-aandoeningen. Het is dan ook een eer dat je in 

mijn commissie wilt plaatsnemen. 

Stevie, het is zo’n plezier geweest om al die jaren met je samen te werken! Maar wie weet, gaat 

dat in de nabije toekomst wel weer gebeuren als VU en AMC de banden steeds meer aanhalen… 

de eerste stappen daartoe zijn al gezet. Ik vind het heel erg fijn dat je plaats wilde nemen in mijn 

commissie.

Geachte professor van Leeuwen, beste Ton. Hartelijk dank voor de kritische terugkoppeling over 

mijn manuscript, het heeft stof tot nadenken gegeven!

Roelof Jan, met plezier werk ik samen met jou en je collegae van de afdeling anatomie aan 

het onderwijs voor de co-assistenten van de opleiding geneeskunde van de Universiteit van 

Amsterdam. Ik hoop dat we gezamenlijk nog veel mooie onderwijsprogramma’s kunnen maken 

en dat we deze prettige samenwerking nog lang continueren. 
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Sophia, ook de samenwerking met jou en je collegae van de afdeling geriatrie op onderwijsvlak 

waardeer ik zeer. Het is gelukt om een leerzaam en interessant programma voor de pre-oogweek 

samen te stellen, met daarin aandacht voor de integrale benadering van de multi-morbiditeit 

van de geriatrische patient, waar ook de oogheelkundige problematiek een rol bij speelt. In dit 

proefschrift heb ik geprobeerd de aandacht te vestigen op oogheelkundige problemen die vaak 

bij ouderen voorkomen. Hopelijk kunnen onze afdelingen gezamenlijk nog lang op vruchtbare 

wijze de belangen van de geriatrische patiënt behartigen. 

Frank, ik heb bewondering voor jouw kennis en kritische kijk op zaken. Daarnaast ben je een heel 

prettige collega! 

Ruthie en Carla, mijn teamgenoten en ‘partners in crime’. Samen hebben we al heel wat stormen 

doorstaan, maar het blijkt dat we toch samen nog steeds het sterkst zijn. The C-team is still going 

strong! Hartelijk dank voor alle collegialiteit en de fijne samenwerking, en we gaan nog lang 

samen door.

Alle overige stafartsen van de afdeling oogheelkunde van het AMC; hopelijk blijft het ‘team 

oogheelkunde’ nog lang springlevend, ook in deze roerige tijden. Veel dank voor de fijne 

samenwerking. 

En natuurlijk het team van arts-assistenten van de afdeling oogheelkunde van het AMC; opleiden 

blijft inspireren en motiveren. Dank voor de fijne samenwerking en alle hulp.

Elly en Hinke Marijke, dank voor al jullie steun bij het keuzevak en overige onderwijstaken, en 

natuurlijk voor het regelmatig bieden van een luisterend oor en een positieve stimulans. Ik hoop 

ons plezierige samenwerkingsverband nog lang te continueren.

De secretaresses van de afdeling oogheelkunde van het AMC mogen in geen geval vergeten 

worden. Dames, met name ook Carola en Sandra, zonder jullie hulp kwam ik nergens toe, 

en waren dit proefschrift en mijn onderwijstaken een onmogelijke klus. Veel dank voor jullie 

adequate ondersteuning.

Ook veel dank aan veel andere medewerkers van het AMC, met wie ik op klinisch, wetenschappelijk 

of onderwijsvlak op een zeer prettige manier samenwerk. Ik wil hierbij vooral de medewerkers 

van Oculenti, het dagcentrum op D0, de polikliniek oogheelkunde, H5N en de medewerkers die 

betrokken zijn bij het DOK-onderwijs van de opleiding geneeskunde (Linda, Markus, Etienne, 

Paul, Samuel en Mayke) noemen.
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Sinds kort werk ik bij het Oogziekenhuis Zonnestraal/AMC; mijn nieuwe collega’s daar en met 

name ook Robbert, Paula en Anita wil ik hartelijk danken voor de hulp die ik tot nu toe heb mogen 

ontvangen. Alle begin is een uitdaging, maar door jullie steun en actieve meedenken heb ik er 

alle vertrouwen in dat we er een succes van gaan maken. 

Jan Willem, Lidia en Ingrid, ik heb altijd met veel plezier bij Retina Total Eye Care in Driebergen 

gewerkt. Ondanks een onderbreking van mijn werkzaamheden, o.a. voor het afronden van mijn 

proefschrift, blijven jullie geïnteresseerd en betrokken bij mij en mijn werk. Ik ben jullie daar zeer 

erkentelijk voor!

Luuk, Maartje en Bastiaan, heel erg bedankt voor de prettige en enthousiaste samenwerking bij 

verschillende van deze onderzoeksprojecten! 

Daan en Nicole, mijn ‘oudste’ vriendinnen. Wat prijs ik me gelukkig dat jullie al zo’n 25 jaar in 

mijn leven zijn. Ik waardeer jullie vriendschap, trouw en het plezier dat we samen hebben. We 

zijn deelgenoot geweest van veel intense ervaringen in elkaars leven, leuke en minder leuke 

momenten, en ik hoop dat we nog héél veel meer bijzondere gebeurtenissen met elkaar zullen 

meemaken in de jaren die nog gaan komen. Het is fijn dat jullie 10 januari naast mij zullen staan 

als paranimfen.

Lieve vrienden en vriendinnen, helaas kan ik niet iedereen afzonderlijk noemen, hoewel ik dat wel 

heel graag zou willen. Jullie zijn allemaal, stuk voor stuk, heel speciaal voor mij. Heel hartelijk dank 

voor alle interesse, vriendschap en gezelligheid. Door jullie is het leven veel leuker. André, Paul, 

Marjolein, Susanne, Wendy, Jenny, Mirjam en Peter: bij jullie vind ik altijd een luisterend oor. Kitty, 

Annieke, Antje en Kim, jullie (en jullie gezinnen) wil ik graag speciaal bedanken voor alle hulp bij 

de opvang van de kinderen in de afgelopen periode. Heel fijn dat ik, dankzij jullie, wat extra rust 

en tijd om te werken kreeg! Jullie vriendschap draagt bij aan de speciale glans die het wonen in 

Abcoude heeft. Menno, het is ontzettend fijn dat jij 10 januari de foto’s wilt maken! Zoals je weet 

houd ik er helemáál niet van om op de foto te gaan, maar met jou achter dat fototoestel scheelt 

het hopelijk iets in de zenuwen (?). En ook veel dank voor de trouwe (en gezellige!) opvang van 

Fiene elke maandag natuurlijk, en voor je vriendschap.

Dave, a special thanks to you for your attentiveness, encouragement and love. As long as I can 

remember, you have always been there for me, backing me in many ways and assuring me that 

I should consider Gull Cottage as my home. Which actually I do, as you have noticed during the 

busy May holidays when I come over to visit you with the whole noisy and boisterous family…  

Thank you for the peace you provide us with during those days, and for your everlasting affection 

and support. The 10th of January, I will try to keep your good advice in mind: ‘Keep calm’. 
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Ik ben een gezegend persoon, omdat ik een zeer grote “extended” familie heb. Wat is het fijn 

om verbonden te mogen zijn met zoveel lieve, warme, boeiende en geïnteresseerde personen. 

Sandor, Miranda, Tim, Sara, Britt en Caitlin, Debbie, Leonie, Jeanette en Noah, Hans, Marije, Sam, 

Guus en Teuntje, Anandy, Jan-Willem, Eva, Els en Jet, Jeroen, Merel, Jasmijn en Floris, en Anne; 

jullie zijn me allemaal zeer dierbaar en ik ben ontzettend blij dat we familie zijn. Een speciaal 

bedankje nog aan opa en oma Dolfijn, voor hun warmte, gezelligheid en niet-aflatende steun en 

hulp. En aan Hans en Wilma, voor jullie oprechte belangstelling en liefdevolle aandacht. Hans, ik 

ben verschrikkelijk trots dat jij zo’n mooie en originele omslag voor mij hebt ontworpen. Heel erg 

bedankt! 

Michel, Ilonka en Frank, fijn dat we elkaar met enige regelmaat kunnen zien, ondanks de grote 

afstand tussen onze woonplaatsen. Ik geniet altijd van onze bijeenkomsten en prijs mezelf 

gelukkig met zo’n leuke neef en nicht!

Hans en Jos, jullie mogen zeker niet ontbreken in dit dankwoord. Gedurende mijn hele leven zijn 

jullie er geweest als steun en toeverlaat, zowel op moeilijke als mooie momenten. Ik ben jullie 

ontzettend dankbaar dat jullie altijd achter me staan, meeleven en op alle denkbare manieren 

meehelpen. Dank voor jullie begrip, bemoediging en bijstand op alle mogelijke vlakken, en 

natuurlijk voor het feit dat jullie zo’n fantastische opa en oma zijn voor Fiene en Joep.

Lieve Fiene en lieve Joep, mama is zo enorm trots op en blij met jullie! Jullie maken me, zonder 

enige moeite, duidelijk waar het om draait in het leven. Een heel dikke knuffel voor jullie allebei!

Lieve Martijn, wat ben ik gelukkig dat wij al meer dan 20 jaar, meer dan de helft van ons leven, 

samen door het leven gaan. Zonder jou was dit boekje er zeker niet gekomen. Je bent er altijd 

voor me, en lost op een bewonderenswaardig energieke manier alle computerproblemen voor 

me op die ik tijdens mijn (wetenschappelijke) loopbaan ben tegengekomen. En oei, wat zijn dat 

er veel geweest… Je neemt de tijd en moeite om met een kritische blik naar mijn pennevruchten 

te kijken en er substantiele verbeteringen in aan te brengen. Daarnaast zie je ook nog kans een 

gigantische bijdrage te leveren in het reilen en zeilen van ons gezin, onze administratie op orde 

te houden en twee uitdagende banen het hoofd te bieden, maar bovenal ook een supervader, 

geweldige, liefdevolle en onmisbare partner en vriend te zijn. Wat bof ik toch… Hopelijk leven 

we nog lang en gelukkig samen!

Ondanks deze uitgebreide lijst, kan het zijn dat ik toch iemand vergeten ben, die had gehoopt 

zichzelf genoemd te zien. Hiervoor dan mijn welgemeende excuses…. En ook een bedankje voor 

diegene natuurlijk!
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Ivanka van der Meulen wordt in 1973 geboren te Den Haag. In 1991 rondt zij het voorbereidend 

wetenschappelijk onderwijs cum laude af aan het Veurs College in Leidschendam en start 

zij met de studie geneeskunde aan de Rijksuniversiteit Leiden. Tijdens haar studie doet zij 

verschillende student-assistentschappen: bij de afdeling Anatomie (snijzaal onderwijs) en bij 

de afdeling geriatrie (ontwikkeling computer ondersteund geriatrie onderwijs). Tevens doet 

zij als student-assistent wetenschappelijk onderzoek bij de afdeling Oncologische Chirurgie, 

in samenwerking met het Integraal Kankercentrum West, met als supervisor prof. dr. C.J.H. 

van de Velde. Als afstudeeronderzoek doet zij onderzoek naar delirium bij ouderen op de 

afdelingen algemene chirurgie, vaatchirurgie, orthopedie en oogheelkunde in het Onze Lieve 

Vrouwe Gasthuis in Amsterdam. Tijdens de coschappen wordt Ivanka zeer enhousiast over het 

vak oogheelkunde. Nadat zij de studie geneeskunde cum laude afrondt in 1998, start zij haar 

carrière in de oogheelkunde als zaalarts oogheelkunde in het Academisch Medisch Centrum. In 

1999 vangt zij aan met de opleiding tot oogarts in datzelfde ziekenhuis, met als opleider prof. dr. 

M.D. de Smet. Na het afronden van deze opleiding volgt aansluitend een fellowship Cornea en 

Refractiechirurgie in het Oogziekenhuis Rotterdam in 2004, gevolgd door een fellowship Cornea 

and External Diseases in Moorfields Eye Hospital, London, UK, onder supervisie van prof. dr. J. 

K.G. Dart, van januari tot april 2005. Na haar fellowship in Moorfields  werkt Ivanka vanaf 2005 als 

oogarts en staflid, met superspecialisatie cornea en oogheelkundige voorsegmentsproblematiek, 

op de afdeling oogheelkunde van het Academisch Medisch Centrum te Amsterdam. In 

2006 komt zij in contact met Dr. Tom van den Berg, die haar uitleg geeft over de door hem 

ontwikkelde strooilichtmeter C-Quant. Dit contact leidt in 2007 tot het starten van verschillende 

onderzoeksprojecten naar strooilicht bij oogheelkundige voorsegmentsaandoeningen. De 

resultaten van die onderzoeksprojecten komen bijeen in dit proefschrift. 
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