




















Figure 8. Haag-Streit slit lamp

Figure 9. CSO slit lamp

Figure 10. Haag-Streit slit length ruler

Figure 11. CSO slit length ruler
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2.2.2 Inclusion Criteria

Adult patients attending the St John’s Eye Hospital out-patient clinic were invited to
participate. Patients agreeable to participation were given an information leaflet

(Appendix C) and then asked to sign a patient consent form (Appendix D).

2.2.3 Exclusion criteria

Four basic exclusion criteria were utilised in the study:

* Patients with a refractive error less than -8 dioptres or greater than +4 dioptres

* Patients with swollen discs

* Patients with opaque media or other pathology precluding dilated fundoscopic
examination of the optic nerve head

* Pseudophakic patients (patients having undergone cataract surgery)

2.2.4 Study sample

Based on the literature, between 20 and 40 eyes deemed an adequate sample size.
Statistically there was no accurate way of working out the exact required sample size as
there was no data available on specific standard deviations. As there was very little
limitation to my population pool, a total of 100 eyes were analysed according to the
experimental design. Once the data had been analysed and conversion equations
formulated, a further 44 eyes were analysed in order to test the newly formed

hypothesis on conversion equations.
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2.2.5 Data collection

Each patient was assigned a unigue number to ensure anonymity. All patient
information collected during the course of the research was kept strictly confidential.
Data from the data capture sheets (Appendix B) was recorded in Microsoft Excel for Mac

2011 by the primary researcher.

2.2.6 Data management and statistics

2.2.6.1 Littman’s modified formula

The measured axial length with the Alcon OcuScan was corrected for by adding a factor
of 0.25 to the measured value in millimetres to account for inaccuracies of ultrasound
guided axial length measurements?.

The calculated optic nerve head vertical disc height measurements for the Volk super
66D, 78D and Superfield were then captured using the formula:

t = pgs where g = 0.01306(axial length — 1.82) and p = 3.56; 3.69; 4.61

for Volk super 66D; Volk 78D and Volk Superfield NC lenses respectively

2.2.6.2 Statistics

Data was analysed using STATA 12 software by the primary researcher. Generalised
linear mixed model analysis (Multilevel mixed effects linear regression analysis) was
performed on data from 100 eyes to formulate conversion equations. As data was used
from two eyes per patient, this resulted in paired data due to their high correlation. For

accurate analysis the data was therefore analysed with a Generalised linear mixed
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model that allows for correlation between observations, including random effects that

explain the origin of the correlations.

The conversion equations were then calculated by regression of the relevant lens.

VDH = coefficient constant + coefficient of lens variable

Bland-Altman agreement plots and Lin concordance correlation were then performed on
44 new eyes to ascertain agreement of equations to gold standard values. Good
correlation does not mean good agreement. Perfect correlation is indicated by points
lying along any straight line, however perfect agreement is only if the points lie along
the line of equality®®. Good agreement via Lin’s concordance correlation is indicated by a
rho_c value close to 1. Bland-Altman agreement is calculated by plotting the difference
between variables against the mean of the variables. Most points should lie between the
95% limits of agreement which alone does not indicate good agreement if the limits are
very far apart®. It is useful to analyse both Lin’s concordance and Bland-Altman

agreement, as these two statistical methods are complimentary in most cases.

2.2.7 Staff and administration
The study was carried out by Dr F. R. Moti (registrar) at the St John Eye Hospital and

supervised by a consultant (Dr Susan Williams) from the Division of Ophthalmology.
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2.2.8 Ethical considerations
The protocol has attained ethical clearance by the Wits Human Research Ethics

Committee. The ethics protocol number is M110619 (Appendix A).
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CHAPTER 3: RESULTS

3.1 PATIENT BASELINE VARIABLES

One hundred and forty-four eyes of 72 patients were included in this study.

One hundred eyes were used in the initial phase of the study to perform the research
objectives (see section 1.5). Forty-four eyes were then used to test the conversion
equation formulated. The baseline factors of the first 100 eyes are summarised in Table

2. Patient co-morbidities not affecting results are deferred to Appendix D.

Table 2. Summary of baseline factors of sample population

CONTINUOUS OBS MEAN STD DEV MIN MAX
VARIABLE
Age 50 47.7 13.122296 21 72
AL 100 23.3831 0.9436537 20.24 25.84
OCT VDH 100 1.735 0.1489119 1.4 2.15
CATEGORICAL FREQ PERC
VARIABLE
GENDER 50
F 33 66.00
M 17 34.00

AL = axial length
OCT VDH = OCT vertical disc height
F=female M =male
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3.1.1 Gender
Thirty-three (66%) of the patients were female and the remaining seventeen (34%) were

male.

Gender was not found to be a significant factor affecting optic nerve head vertical disc
height, with a p value of 0.41 on linear regression using a mixed model. Significance was

regarded as a p value < 0.05.

3.1.2 Age

The mean age of patients was 47.7 years with a standard deviation of 13.10 years i.e. 67
of the patients were between the ages of 44 and 61 years. Figure 12 below depicts the
age distribution from youngest age 21 to oldest age 72 years. The distribution is
uniform. When age was regressed against the gold standard measure for purposes of
this study i.e. OCT vertical disc height measurements, no correlation was found with a p

value of 0.09.
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Figure 12. Age distribution of patients
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3.1.3 Axial Length

The mean axial length of all eyes measure was 23.38mm. The mean for females was

23.13mm and for males was 23.88mm. As depicted in Figure 13 below, the distribution

of axial lengths is relatively uniform within a tightly bound range, as would be expected

due to the exclusion restrictions of refractive errors of <-8 dioptres and >+4 dioptres.

Proportion of sample
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1 1

A
L
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22

AL

24
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Figure 13. Patient range of axial length in millimetre
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3.1.4 Optic nerve head vertical disc height with OCT

The OCT value of vertical disc height (VDH) was used as the gold standard measurement
in this study.

The mean vertical disc height for 100 eyes was 1.74mm with a standard deviation of
0.15mm with minimum value of 1.4mm and maximum of 2.15mm. Figure 14 shows the

histogram range of values across the population sample.

T
1.4 1.6 1.8 2 22
OCT VDH

Figure 14. Range of OCT vertical disc height (mm)

Table 3 shows the variation in OCT average values for males vs females and left vs right
eyes. Pearson’s correlation coefficient for right versus left OCT VDH values is 0.88 — the
high correlation supports the data being paired rather than independent variables.

Table 3. Average OCT vertical disc height values for males and females and left versus
right eyes

Average OCT vertical disc height value (mm)
LEFT EYE RIGHT EYE TOTAL
Females 1.72 1.72 1.723
Males 1.77 1.74 1.758
Grand Total 1.74 1.73 1.735
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3.1.5 Replicatio

n data set

Forty-four new eyes were analysed and the Vertical Disc Height formulated equations

above, applied to them. Only four lenses were used as the Volk Digital Wide Field was

shown to be completely unreliable. The replication data set OCT VDH values will be

labelled OCT VDH?2.

The new sample had a strong gender skew, with seventy-two percent (72%) of patients

being female and just twenty-three percent (23%) of patients being male.

The mean age of patients in the sample was 47.7 years with a standard deviation 13.1,

Table 4. Mean values of Continuous variables

CHARACTERISTIC MEAN # STD DEV
OCT VDH2 1.6840.20
D66 CSO 1.56+0.25
D66 HS 1.5240.22
D78 CSO 1.23+0.21
D78 HS 2.08+0.28
SFCSO 2.07+0.29
SFHS 2.00+0.27
DHMCSO 1.73+40.27
DHMHS 2.5740.32

OCT VDH?2 = Optical coherence tomography vertical disc height for replication data set

HS = Haag-Streit slit lamp

SF = Superfield lens

DHM = Digital High Mag lens
DWF = Digital Wide Field lens
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3.2 RESULTS FOR RESEARCH OBJECTIVE A

To compare, using correlation coefficients, and then agreement, the similarity or
dissimilarity between two control mechanisms of optic disc height
measurements: Optical Coherence Tomography (OCT) versus calculation using a
modified formula of Littman’s equation

{t = pgs; where t is the true size of the retinal feature, p is a numerical constant
based on the lens or telecentric model, q is a factor dependent on optical
dimensions of a given eye and s is the size of the retinal image measured q =

0.01306 x (axial length —1.82) }

The values of ‘p’ are constants depending on the fundus lens used, as calculated by

Ansari-Shahrezaei et al*’:

p =3.56 for Volk super 66D lens
p =3.69 for Volk 78D lens

p =4.61 for Volk Superfield NC lens

The component of the ‘g’ value requiring assessment is the value of the axial length. As

shown in Figure 15 there is little correlation between axial length value and OCT vertical

disc height with a very low R? of 0.00218. Further more, univariate regression reveals a

p-value of 0.85 for Axial length and Pearson’s correlation coefficient of 0.05. This data

indicate that axial length has very little correlation with optic disc size.
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Figure 15. Scatter plot comparing axial length in mm (x-axis) to OCT vertical disc height
(y-axis)

Table 6 below shows the mean value of population sample of vertical disc height

measured with OCT, and values ‘t’ from the modified Littman equation.

Table 5. Values of disc height gold standard OCT and Value 't'

CHARACTERISTIC ~ MEAN +STD DEV ~ VARIANCE FROM OCT VARIANCE STD DEV

MEAN

OCT VDH 1.74+0.15

‘t’ VALUES FOR:

SUPER 66 CSO 2.154+0.31 0.55 0.26
78 D CSO 2.194+0.32 0.63 0.27
SUPERFIELD CSO  2.41+0.37 0.73 0.37
SUPER 66 HS 1.76 £ 0.23 0.02 0.13
78 D HS 1.82+0.25 0.08 0.18
SUPERFIELD HS 1.95+0.35 0.21 0.23

HS = Haag-Streit slit lamp
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Figure 16. Series of histogram plots comparing OCT vertical disc height density plot
(top graph) with plots of calculated 't' value for respective Volk super 66, 78D and
Superfield lenses using the Haag-Streit (HS) and CSO slit lamps
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As can be seen from Table 5 above, the best result attained is using the equation t = pgs

for the Volk Super 66 dioptre lens on the Haag-Streit slit lamp. However, the shapes of

the histograms in Figure 16 do not support this, correlation does not mean agreement.

Table 6 below indicates little difference in Pearson’s correlation coefficient of direct slit

lamp measurements and values calculated with Littman’s modified equation, with direct

slit lamps measurements actually having better correlation. The highest correlation both

with direct measurement and Littman’s equation are shown with the Volk 78D lens.

Table 6. Pearson's correlation of direct slit lamp measurements and value 't' with OCT

vertical disc height

Pearson’s correlation coefficient with OCT VDH

Direct slit lamp lens

Value ‘t’ of modified

measurement Littman equation
Super 66D lens with HS 0.82 0.77
Super 66D lens with CSO 0.66 0.65
78D lens with HS 0.84 0.82
78D lens with CSO 0.72 0.71
Superfield lens with HS 0.77 0.78
Superfield lens with CSO 0.69 0.67

HS = Haag-Streit slit lamp
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3.3 RESULTS FOR RESEARCH OBIJECTIVE B
Conversion equation of optic disc height measurement by clinical assessment

using any one of five double aspheric fundus lenses at the slit-lamp

The five different fundus lenses used were:

¢ Volk Super 66 D

* Volk78D

* Volk Superfield NC

* Volk Digital Wide Field

* Volk Digital High Mag

All lenses showed a high correlation (p<0.00001) to the gold standard OCT vertical disc

height (VDH).
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Table 7 depicts the values of clinically measured optic nerve head vertical disc height

and variances thereof from OCT VDH.

Table 7. Mean of slit lamp values and gold standard OCT VDH and variances

CHARACTERISTIC ~ MEAN + STD DEV

OCT VDH 1.74+£0.15
D66 CSO 2.12+0.29
D66 HS 1.74+0.21
D78 CSO 2.09+0.29
D78 H 1.74+0.23
SF CSO 1.83+0.26
SFHS 1.48+0.26
DHMCSO 2.64+0.28
DHMHS 2.23+0.26
DWEFCSO 1.47 +0.33
DWFHS 1.17+0.19

OCT VDH = Optical coherence tomography vertical disc height
HS = Haag-Streit slit lamp

SF = Superfield lens

DHM = Digital High Mag lens

DWEF = Digital Wide Field lens
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Table 8 below shows the results of multilevel mixed-effects linear regression with OCT

VDH. All lens measurements with the Haag-Streit slit lamp have a much higher Wald

chi? value (test for significance of individual variables and the whole model based on the

chi-squared distribution).

Table 8. Multilevel mixed-effects Linear Regression Analysis with OCT VDH

MULTILEVEL MIXED EFFECTS LINEAR
REGRESSION WITH OCT VDH

CHARACTERISTIC B COEF * SE 95% ClI p-VALUE Wald
chi’
AGE -0.003 +#0.001 -0.005 +0.004 0.10 2.92
GENDER -0.035 +0.042 -0.048-0.118 0.41 0.69
Axial Length -0.004 +0.020 -0.043-0.351 0.64 0.04
D66 CSO 0.332 £0.049 0.235- 0.428 <0.001 45.37
D66 HS 0.570 £0.049 0.474- 0.666 <0.001 134.46
D78 CSO 0.368 £0.036 0.296 - 0.440 <0.001 61.13
D78 HS 0.544 +0.044 0.458- 0.631 <0.001 152.78
SFCSO 0.368 +0.051 0.268- 0.467 <0.001 52.62
SFHS 0.417 £0.045 0.309- 0.504 <0.001 87.74
DHMCSO 0.349 +0.048 0.254- 0.444 <0.001 51.93
DHMHS 0.439 +0.043 0.356- 0.523 <0.001 105.76
DWFCSO 0.317 £0.043 0.232- 0.402 <0.001 53.85
DWFHS 0.505 +0.065 0.378- 0.633 <0.001 60.80

HS = Haag-Streit slit lamp

SF = Superfield lens

DHM = Digital High Mag lens
DWEF = Digital Wide Field lens
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Table 9 shows results of univariate linear regression analysis using one randomly
selected eye per patient. In this analysis, age becomes statistically significant with a

p-value < 0.02. Beta coefficient values are only slightly different. Analysis of right eyes
only or left eyes only yield similar results with age still producing a p value <0.02 and

coefficient values differing again only slightly.

Table 9. Univariate linear regression analysis of OCT Vertical disc height (VDH)

UNIVARIATE LINEAR REGRESSION WITH OCT VDH

CHARACTERISTIC B COEF + SE 95% ClI p-VALUE
AGE -0.003 #0.001 -0.005 + 0.0004 0.02
GENDER -0.035 #0.031 -0.098 - 0.027 0.27
Axial Length 0.007 +0.016 -0.024 - 0.390 0.64
D66 CSO 0.336 #0.390 0.258 - 0.413 <0.001
D66 HS 0.588 +0.041 0.506 - 0.669 <0.001
D78 CSO 0.368 +0.036 0.296 - 0.440 <0.001
D78 HS 0.551 +0.036 0.478 - 0.623 <0.001
SFCSO 0.393 +0.041 0.311- 0.475 <0.001
SFHS 0.432 +0.036 0.359 - 0.504 <0.001
DHMCSO 0.372 +0.039 0.296 - 0.449 <0.001
DHMHS 0.459 +0.035 0.389 - 0.529 <0.001
DWEFCSO 0.312 £0.034 0.245- 0.379 <0.001
DWFHS 0.548 £ 0.054 0.441 - 0.654 <0.001

HS = Haag-Streit slit lamp

SF = Superfield lens

DHM = Digital High Mag lens
DWEF = Digital Wide Field lens
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The conversion equations were calculated by regression of the relevant variables using
multilevel mixed-effects linear regression.
The equation for VDH for each lens at each slit lamp was:

VDH = coefficient constant + coefficient of lens variable

Table 10 below depicts the equations formulated from the regression model. The Volk
78D lens measured with the Haag-Streit has the highest log likelihood value indicating

highest statistical significance in terms of supporting null hypothesis.

Table 10. Summary of formulated conversion equations

LENS EQUATION Log p value
likelihood

D66 CSO VDH = 1.03 + 0.33D66CSO 99.46 <0.0001
D66 HS VDH =0.75 + 0.57D66HS 116.46 <0.0001
D78 CSO VDH = 1.00 + 0.35D78CSO 102.65 <0.0001
D78 HS VDH = 0.79 + 0.54D78HS 121.50 <0.0001
SFCSO VDH = 1.06 + 0.375FCSO 100.66 <0.0001
SFHS VDH =1.12 + 0.425FHS 109.15 <0.0001
DHMCSO VDH = 0.81 + 0.35DHMCSO 99.41 <0.0001
DHMHS VDH = 0.76 + 0.44DHMHS 111.37 <0.0001
DWFCSO VDH =1.27 + 0.32DWF(CSO 102.06 <0.0001
DWFHS VDH =1.14 + 0.51DWFHS 102.51 <0.0001

HS = Haag-Streit slit lamp

SF = Superfield lens

DHM = Digital High Mag lens
DWEF = Digital Wide Field lens
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The results of each lens will be discussed separately.

3.3.1 RESULTS OF VOLK SUPER 66D LENS
The mean value of the super 66 lens with CSO slit lamp was 2.12 + 0.29mm (min 1.5mm;

max 3mm). For the super 66 lens with HS slit lamp it was 1.74 + 0.21 (min 1.35mm; max

2.3mm).

Histogram analysis of the Super 66 lens with Haag-Streit slit lamp displays slightly better

correlation than the CSO slit lamp (Figure 17).
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Figure 17. Histogram comparison of Volk super 66D with CSO slit lamp; OCT vertical
disc height; Volk super 66D with Haag-Streit slit lamp

The two-way plots (Figure 18) also show that there is significant correlation between
OCT VDH and the super 66D lens, with regression line almost through zero in Figure 18A

of Super 66D CSO and through zero in Figure 18B of Super 66D HS.
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Figure 18. Two-way plots of: A. Super 66D on CSO slit lamp with OCT VDH and B. Super

66D on Haag-Streit slit lamp with OCT VDH

Regression analysis revealed two different equations for the super 66 lens, depending

on the slit lamp being used.

VDH =1.03 + 0.33D66CSO
VDH =0.75 + 0.58D66HS

In the replication data set, histogram analysis shows a fair comparison of equation super

66 HS to OCT Vertical disc height of replication data set (VDH2) (Figure 19A and Figure

19B) and a slightly better comparison of equation super 66 CSO (Figure 19C).
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Figure 19. Histogram comparisons of A. Equation for super 66D lens on Haag-Streit slit
lamp; B. OCT vertical disc height of replication data set (VDH2); C. Equation for super
66D lens on CSO slit lamp
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Lin’s correlation coefficient for super 66 HS (rho_c = 0.626, higher correlation are values
closer to 1) shows a good association of reduced major axis (SD line) to the line of
perfect concordance. It is evident from Figure 20A that for larger optic nerve vertical
disc height, there is poorer agreement with the super 66D lens on Haag-Streit
underestimating disc size. Lin’s correlation coefficient for super 66D with CSO, has a
value rho_c = 0.639. The super 66 D with CSO tends to overestimate the size of small

discs, and underestimate the size of medium and large discs (Figure 20B).

rho_c = 0.626 rho_c=0.577
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Figure 20. Lin's concordance correlation for A. Super 66D lens on Haag-Streit to OCT
VDH2 and B. Super 66D lens on CSO slit lamp to OCT VDH2
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Figure 21. Bland-Altman plot of agreement between OCT VDH2 and A. Equation for
super 66D on Haag-Streit slit lamp AND B. Equation for super 66D on CSO slit lamp

Figure 21A shows a good level of agreement for the Super 66D lens on Haag-Streit slit
lamp using the Bland-Altman method with the observed average agreement line in very
close proximity to the line of perfect agreement. On the Bland-Altman agreement plot
for Super 66D on CSO slit lamp (Figure 21B), the observed average agreement line is in

very close proximity to the line of perfect agreement as well.
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3.3.2 RESULTS FOR VOLK 78D LENS
The mean value of the 78D lens with CSO slit lamp was 2.09 + 0.29mm (min 1.5mm; max

2.8mm). For the 78D lens with HS slit lamp it was 1.74 £ 0.23 (min 1.2mm; max 2.4mm).

Histogram analysis shows excellent comparison of 78D HS to OCT VDH and a poorer

comparison of 78D CSO.

2 X 18 ! 2
D78 HS OCT VDH D78 CSO

Figure 22. Histogram comparisons of 78D lens on Haag-Streit slit lamp; OCT VDH; and
78D lens on CSO slit lamp

The two-way plot of 78D HS (Figure 23B) shows very tight correlation of the points

around the best-fit line compared to the 78D lens with CSO slit lamp (Figure 23A).
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Figure 23. Two-way plot of A. Volk 78D lens on CSO slit lamp with OCT VDH and B. Volk
78D lens on Haag-Streit slit lamp with OCT VDH
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Regression analysis revealed two different equations for the 78D lens, depending on the
slit lamp being used.

VDH =1.00 + 0.35 D78CSO

VDH =0.79 + 0.54 D78HS

On analysis of the replication data set, histogram analysis shows a skewed deviation of
equation 78D HS (Figure 24A) with a marginally better comparison of equation 78D CSO

(Figure 24C) to OCT VDH2 (Figure 24C).

140 1.50 1.60 1.70 180 1.90 12 14 16 1.8 2 22 150 1.60 1.70 1.80 1.90
Equation for 78D on Haag-Streit slit lamp OCT VDH2 C Equation for 78D lens with CSO slit lamp

Figure 24. Histogram comparisons of A. Equation for 78D lens on Haag-Streit slit lamp;
B. OCT VDH2; C. Equation for 78D lens on CSO slit lamp

Lin’s correlation coefficient for 78D HS (rho_c = 0.615) shows a close association of
reduced major axis (SD line) to the line of perfect concordance. It is evident from Figure
25A that for larger optic nerve vertical disc height, there is poorer concordance with the
78D lens on Haag-Streit underestimating disc size. Lin’s correlation coefficient for
equation 78D with CSO, has a value rho_c = 0.642. The 78D with CSO equation tends to
overestimate the size of small discs, and underestimate the size of large discs (Figure

258).
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Figure 25. Lin's concordance correlation for A. Equation for Volk 78D lens on Haag-

Streit slit lamp to OCT VDH2 and B. Equation for Volk 78D lens on CSO slit lamp to OCT
VDH2

The Bland-Altman plot for equation 78D HS (Figure 26A), shows poor agreement of the
observed average to line of perfect agreement. The observed average line lies slightly
above the line of perfect agreement, indicating an overestimation of optic disc height
values. On the Bland-Altman agreement plot for 78D lens on CSO slit lamp (Figure 26),

the observed average agreement line is almost exactly over the line of perfect

agreement.
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Figure 26. Bland-Altman plot of agreement between OCT VDH2 and A. Equation for
78D on Haag-Streit slit lamp AND B. Equation for 78D on CSO slit lamp
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3.3.3 RESULTS FOR VOLK SUPERFIELD LENS

The mean value of the Superfield (SF) lens with CSO slit lamp was 1.83 +- 0.26mm (min
1.3mm; max 2.8mm). For the Superfield lens with HS slit lamp it was 1.48 +- 0.26 (min

1.0mm; max 2.8mm).

Histogram analysis shows good bell curve formation of SF HS (Figure 27) though taller

peak than OCT comparative graph, and a very different formation of SF CSO histogram.

i 15 2 25 3 14 16 18
SFHS OCT VDH

Figure 27. Histogram comparison of Superfield lens on Haag-Streit slit lamp; OCT
VDH2; and Superfield lens on CSO slit lamp

Both two-way scatter plots showed tight correlation around the best-fit line, with SF
CSO (Figure 28A) very far from zero y-axis and SF HS plot (Figure 28B) almost going

through zero.
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Figure 28. Two-way plot of A. Superfield (SF) lens on CSO slit lamp with OCT VDH and
B. Superfield lens on Haag-Streit slit lamp with OCT VDH

Regression analysis revealed two different equations for the Superfield lens, depending

on the slit lamp being used.

VDH =1.06 + 0.37 SFCSO

VDH =1.12 + 0.42 SFHS

On analysis of the replication data set, histogram analysis shows a skewed deviation to
the left of equation Superfield HS (Figure 29A) and also a lesser left skewed deviation of

equation Superfield CSO (Figure 29C) to OCT VDH2 (Figure 29B).

190 12 14 150 200

150 1,60 1.70 1.80 16 18 1.60 170 1.80 190
Equation of Superfield lens on Haag-Streit sit lamp B OCT VDH2 C Equation of Superfield lens on GSO siit lamp

A.

Figure 29. Histogram comparison of A. Equation for Superfield lens on Haag-Streit slit
lamp; B. OCT VDH2; C. Equation for Superfield lens on CSO slit lamp
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Lin’s correlation coefficient for equation SF HS (rho_c = 0.556) is the lowest and as
indicated in Figure 30A, the reduced major axis does not correlate well with the line of

concordance. Lin’s correlation coefficient for equation SF CSO (rho_c = 0.694) is very

high (Figure 30B).

OCT VDH
18 2 22
L L L

16
L

1.4
L

1.2
L

T T T T T T T T T T T
1.50 1.60 1.70 1.80 1.90 1.50 1.60 1.70 1.80 1.90 2.00
eqn SF HS eqn SF CSO

reduced major axis line of perfect concordance reduced major axis line of perfect concordance

Figure 30. Lin's concordance correlation for A. Equation for superfield lens on Haag-

Streit slit lamp to OCT VDH2 and B. Equations for superfield lens on CSO slit lamp to
OCT VDH2

In the Bland-Altman plot for the Superfield lens on Haag-Streit slit lamp (Figure 31A)
more plots are scattered above y = 0 line (line of perfect agreement) indicating the
tendency to overestimate larger discs. The Bland-Altman plot for Superfield lens on CSO

slit lamp (Figure 31B) shows a high degree of agreement.
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Figure 31. Bland-Altman plots of agreement to OCT VDH2 for A. Equation for
superfield lens on Haag-Streit slit lamp; B. Equation for superfield lens on CSO slit lamp
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3.3.4 RESULTS FOR VOLK DIGITAL HIGH MAG

The mean value of the Digital High Mag (DHM) lens with CSO slit lamp was 2.64 +- 0.28

(min 1.8mm; max 3.0mm). For the Digital High Mag lens with HS slit lamp it was 2.23 +-

0.26 (min 1.7mm; max 2.8mm).

Histogram analysis shows a very rightly skewed deviation of DHM CSO than OCT

comparative graph; and very boxed central formation of DHM HS histogram (Figure 32).

1.5

DHM CSO

25

16

1.8
OCT VDH

Figure 32. Histogram comparison of Volk Digital High Magnification lens on CSO slit

lamp; OCT VDH; and Digital High Magnification lens on Haag-Streit slit lamp

Two-way plot of DHM CSO shows fair correlation of scatter to best-fit line (Figure 33A),

however where x = 0, y > 2 therefore not going through zero. Figure 33B depicts DHM

HS two-way scatter shows better correlation and line formation closer to 0.
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Figure 33. Two-way plot of A. Digital High Magnification (DHM) lens on CSO slit lamp
with OCT VDH and B. DHM lens on Haag-Streit slit lamp with OCT VDH

Regression analysis revealed two different equations for the DHM lens, depending on

the slit lamp being used.

VDH =0.81 + 0.35 DHMCSO
VDH =0.76 + 0.44 DHMHS

Histogram analysis shows a skewed deviation to the left of equation DHM HS (Figure
34A) and also a right skewed deviation of equation DHM CSO (Figure 34C) to OCT VDH2

(Figure 34B).
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Figure 34. Histogram analysis of A. Equation for Digital High Magnification lens on
Haag-Streit slit lamp; B. OCT VDH2; and C. Equation for Digital High Magnification lens
on CSO slit lamp
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Lin’s concordance correlation for DHM HS (rho_c = 0.627) shows mild underestimation
of very large discs (Figure 35A). Lin’s concordance for DHM CSO has a rho_c = 0.693

(Figure 35B). It shows some overestimation of disc size.
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Figure 35. Lin's concordance correlation for A. Equation for digital high mag on Haag-
Streit slit lamp with OCT VDH2 and B. Equation for digital high mag lens on CSO slit
lamp with OCT VDH2

Bland-Altman on the Digital High Magnification lens on Haag-Streit slit lamp (Figure
36A) shows excellent agreement with the line of observed agreement superimposed on
the y = 0 line. The equation for digital high magnification on CSO slit lamp Bland-Altman
plot (Figure 36B) has more points below the y = 0 line, and fair agreement as points are

not diffusely scattered.
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Figure 36. Bland-Altman plots of agreement to OCT VDH2 for A. Equation for Digital
High Mag lens on Haag-Streit slit lamp and B. Equation for Digital High Mag lens on
CSO slit lamp
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3.3.5 RESULTS FOR VOLK DIGITAL WIDEFIELD LENS

Clinical evaluation of disc measurement showed an obvious poor correlation due to the
fact that slit lamp rulers do not go below 1.0mm for the CSO and 0.9mm for the Haag-
Streit. The mean value of the Digital Wide Field (DWF) lens with CSO slit lamp was 1.47
+- 0.33 (min 0.9mm; max 2.0mm). For the DWF with Haag-Streit it was 1.17 +- 0.19 (min

0.9; max 1.65).

Histogram analysis in Figure 37 confirms the inaccuracies of the lens with numerous
optic discs measuring between 0.9mm and 1.2mm. Regression analysis to formulate an
equation were not continued for this lens as any further statistical analysis would yield

only false results.

2 14 16

15 18
DWF CSO OCT VDH

Figure 37. Histogram comparison of Digital Wide Field lens with Haag-Streit slit lamp;
OCT VDH; and Digital Wide Field with CSO slit lamp
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Table 11 below are the mean values of the equations and their variances from OCT

VDH2

Table 11. Mean value and standard deviation of VDH value of equation, and variance
from OCT VDH2

CHARACTERISTIC MEAN = STD DEV ~ MEAN VARIANCE FROM  VARIANCE STD DEV

OCT VDH2
OCT VDH2 1.68+0.20 - -
Eqn66 HS 1.65+0.15 0.02 0.15
Eqn78 HS 1.62+0.12 0.06 0.13
EqnSF HS 1.64 +0.09 0.02 0.14
EqnDHM HS 1.67+0.12 0.01 0.14
Eqn 66 CSO 1.71+0.10 0.03 0.13
Eqn78 CSO 1.71+0.10 0.05 0.13
EqnSF CSO 1.70+0.12 0.03 0.12
Eqn DHM CSO 1.71+0.11 0.06 0.12

OCT VDH?2 = Optical coherence tomography vertical disc height for replication data set
HS = Haag-Streit slit lamp

SF = Superfield lens

DHM = Digital High Mag lens

DWEF = Digital Wide Field lens

Eqgn = formulated equation for respective lens

59



Table 12 summarises the concordance and agreement of the formulated equations to
the gold standard OCT VDH2 from the replication data set. All rho_c values
(concordance correlation coefficients) fall within a small range close to 1.0. All measures
evaluated together, show the Digital High Magnification lens to have the highest

agreement.

Table 12. Summary of agreement of conversion equations to OCT VDH2

EQUATION Rho_C Cb BLAND-ALTMAN

Avg of difference Limits of

between OCT and Agreement

equation VDH (LOA)

Eqgn 66D HS 0.626 0.918 0.047 -0.239 0.333
Eqn 78D HS 0.615 0.814 0.069 -0.193 0.331
Eqn SF HS 0.556 0.709 0.046 -0.229 0.322
Eqn DHM HS 0.627 0.896 0.011 -0.269 0.291

Eqn 66 CSO 0.639 0.770 -0.027 -0.284 0.229
Eqn78 CSO 0.642 0.774 -0.016 -0.273  0.242
EqnSF CSO 0.694 0.798 -0.016 -0.255 0.224
Eqn DHM CSO 0.693 0.842 -0.025 -0.269 0.220

Rho_C = Lin’s concordance correlation coefficient
C_b =Rho_C/Pearson’s r (measure of accuracy)
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3.4 RESULTS OF RESEARCH OBJECTIVE C
To compare the interchangeability of the two different slit lamps — Haag-Streit

BD900 and CSO slit lamp

Calibration of the slit lamp rulers was compared. A calibration ruler with laser-
demarcated graduation marks was not attainable to compare with precision, the
accuracy of the slit rulers, so a standard surgical ruler from a ruler/calliper surgical
instrumentation set was used. As a result, the graduation marks were thickened beams
under microscopic examination, dots as laser beams of micrometre measure would have

been more precise.

On comparison of ruler millimetre measurements between slit lamps Figure 39 and

Figure 40 show that 1Imm on the Haag-Streit, was not Imm on the CSO slit lamp.
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Figure 39. Measurements corresponding to 3mm, 2mm and 1mm on Haag-Streit
slit lamp. Haag-Streit measures indicated by black arrows

3mm on ruler Imm on ruler

—)

)\

2mn] on ruler

——

Figure 40. Measurements corresponding to 3mm, 2mm and 1mm
on CSO slit lamp. CSO measures indicated by black arrows.



3.5 RESULTS OF RESEARCH OBJECTIVE D
To compare accuracy and agreement of Volk conversion factors based on

manufacturer magnification values to the control mechanism of optic disc height
measurement with Optical Coherence Tomography (OCT), and agreement of Volk

conversion factors to research objective B conversion equations

Table 13 below shows a comparison of mean and standard deviation values for
measurements of the four fundus lenses on either the Haag-Streit or CSO slit lamp,
when the calculated equation from research objective B was applied, and when the Volk
magnification factors were applied. The comparative value is that of the OCT measured
vertical disc height measure. The closest Volk magnification factor is for the Superfield

fundus lens on the Haag-Streit slit lamp.
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Table 13 Comparison of mean and standard deviations of vertical disc height
measurements with OCT, calculated equations for respective lenses on two different
slit lamps, and Volk magnification factors for lenses

VARIABLE MEAN VAR FROM OCT
OCTVDH2 1.68 0
Equation for 66D with HS 1.63 0.05
Volk magnification factor for 66D HS measures 1.56 0.12
Equation for 66D with CSO 1.71 0.03
Volk magnification factor for 66D CSO measures 2.1 0.32
Equation for 78D with HS 1.62 0.06
Volk magnification factor for 78D HS measures 1.83 0.15
Equation for 78D with CSO 1.70 0.02
Volk magnification factor for 78D CSO measures 2.4 0.72
Equation for SF with HS 1.64 0.04
Volk magnification factor for SF HS measures 1.60 0.08
Equation for SF with CSO 1.7 0.02
Volk magnification factor for SF CSO measures 2.25 0.57
Equation for DHM with HS 1.67 0.01
Volk magnification factor for DHM HS measures 1.45 0.23
Equation for DHM with CSO 1.71 0.03
Volk magnification factor for DHM CSO measures 1.80 0.12
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CHAPTER 4: DISCUSSION

4.1 STATISTICAL CONSIDERATIONS

When data from both eyes are included, this improves regression coefficient
estimates>°. Using information from one eye is a statistically simple approach, however
even if both eyes are higher correlated, this does not mean that the right eye will yield
identical results to the left eye®. Mixed effects regression models provide flexibility for

analysing clustered data with multilevel structures.

The discrepancy between statistical methods can be explained using the example of age
as a variable in this study. Varma et al conducted a large population based study that
found no association between age and optic nerve head size*. This study’s findings agree
when using the robust multilevel mixed effects linear regression analysis (p < 0.09),
however on univariate linear regression a weak correlation was found between age and
optic nerve head vertical disc height (p < 0.02). Were age used as a statistically
significant variable, that would have required an extra component in each equation
accounting for the patient’s age. Analysis of such equations yielded less accurate and

precise results than the equations concluded in this study.

4.2 AXIAL LENGTH
Oliviera et al’ found a weak correlation between axial length and optic disc area in black
patients. White patients screened in their study did not reach statistical significance”.

This study did not concur with that finding, with a p-value of 0.64.
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4.3 LITTMAN’S MODIFIED FORMULA FOR OPTIC NERVE HEAD VERTICAL DISC
HEIGHT

The formula t = pgs was applied, where q = 0.01306(axial length — 1.82) and p = 3.56;

3.69; 4.61 for Volk stereo 66D; Volk 78D and Volk Superfield NC lenses respectively.

Due to the poor correlation between axial length and optic disc size the equation seems

somewhat flawed.

Furthermore, the results of mean and standard deviation of vertical disc height by these
equations had poor correlation to the OCT VDH. There was also no improvement on
Pearson’s correlation coefficient from baseline, unaltered clinically measured values as

compared with the Littman’s modified formula values.

Therefore the use of axial length and other factors attained by measures of a schematic

eye cannot be used accurately in clinical practice to determine fundus object sizes.

4.4 LENSES

The Volk 66D lens and the Digital High Magnification lens yielded the best results.
However the result for the Superfield and Volk 78D lens are not discouraging and may

still be considered for clinical use, as their inferiority is not statistically significant.

For the 78D lens, Lim, O’Brien and Bolton formulated an equation based on regression

analysis of 25 eyes: Y = 0.86X + 0.41. They also used a Haag-Streit slit lamp. However no
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methods to determine agreement of their findings were performed?’. The central
dioptre power of the Superfield lens is equivalent to that of a 90D. Lim, O’Brien and
Bolton determined an equation of Y = 0.89X + 0.59 for the Volk 90D lens?’. Ruben’s
equation for 90D lens, however differed: Y = 1.17X + 0.24%°. Again no methods to
determine agreement or accuracy were employed. Papastathopoulos and Jonas
determined a conversion factor of 1.5 for the Superfield lens?®. This is a very gross
measure and again no methods of agreement were in place. Ten eyes were re-measured
five times in order to evaluate reproducibility, but no new eyes on which to test their
conversion factor’®. Due to the large sample size of this study, good correlations and
further determinations of agreement, it is fair to conclude these results accurate; and
the modified equations derived should be utilised in preference to other previously

published work.

The poor correlation of the Volk magnification factors should also be noted. This is in
keeping with the findings of Spencer and Vernon® who found poor correlation when
using the Volk 78D magnification factor. A deterrent to applying this study’s equations is
the lack of ease with which to recall from memory the equation for a specific lens,
applied to a particular slit lamp. However, as shown, the quick conversion of a Volk
magnification factor is grossly out of keeping with actual vertical disc height values as
measure with OCT. Therefore, when vertical disc height measurement is clinically
necessary, these equations should be applied. It should be remembered that measuring
the optic disc is not a repetitive examination per patient; therefore a once-off
calculation per patient to document an accurate clinical estimation of vertical disc height

can reasonably be applied within clinical time constraints.
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4.5 COMPARISON OF SLIT LAMPS

The reason for including two types of slit lamps in this study is because both are
routinely used at the St John Eye Hospital. Additionally, it has becoming increasingly
obvious in clinical practice that measure values differ significantly between the two slit
lamps, not only for fundus measurements of optic disc or well-demarcated masses, but
without use of additional lenses, for example when measuring the size of a corneal

ulcer.

Some reasons for this were thought to be confusion on where to read off measurements
on the illuminator head ruler. The Haag-Streit slit length (as shown in Figure 10) has a
demarcated line in the centre indicating where the length should be read off. The CSO
has no such demarcation and there has been confusion amongst registrars who have
made an assumption that readings are to be read of an estimated centre of the
illuminator head ruler. In fact, on the CSO slit lamp, measurements are read off the left
margin of the ruler (Figure 12). However once this error was corrected for, there were
still significant differences in the results produced. Also, graduation marks on the Haag-
Streit are in increments of 0.1mm and for the CSO, 0.2mm, which would limit results to
two decimal place measurements for the Haag-Streit (the minimum being 0.05mm
estimated increments) and one decimal place measurements for the CSO (the minimum

being 0.1mm estimated increments).

The metre is the length of the path travelled by light in vacuum during a time interval of

1/ 299,792,458 of a second. A millimetre is one thousandth of a metre. On comparison
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of ruler millimetre measurements between slit lamps, it was evident that Imm on a
Haag-Streit, was not 1mm on the CSO slit lamp. In clinical practice it is not practical to
calibrate the illuminator head ruler every time a measurement is made and perform an

additional calculation to account for calibration deficiencies.

Though the primary outcome of the study design was not to compare accuracy of slit
lamp measurements, it is evident that the Haag-Streit slit lamp generated more accurate
and for most lenses, more precise measurements. Also of note is that though the Volk
magnification factors are unreliable, values for Haag-Streit measures had a closer

correlation to actual values than measures on the CSO.

It is plausible to postulate the formulated equations for the Haag-Streit slit lamp could
be applied to slit lamps by other manufacturers, that have an equally calibrated

illuminator head ruler, and yield equivalent results.

4.5 STUDY LIMITATIONS

For both slit lamp measures and manual OCT measures, it is difficult to locate the
margins of the scleral canal. Observer fatigue and observer error are also confounding
factors. All lens measurements were performed by one researcher, which also alludes to

the possibility of observer bias as there was no masking of measurements or results.
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CONCLUSIONS

Clinical application of fundus measurements is useful and practical not only for
efficiency and accurate prediction, but also because ophthalmological equipment is

expensive and impractical for many clinical centres especially in developing countries.

Two important factors need to be taken into account when applying slit lamp fundus
measurements: the type of lens used, and the slit lamp being used. Use of the Haag-

Streit slit lamp yields more accurate and reliable results than the CSO.

Equations for five lenses were formulated via multivariate mixed effects regression
analysis, and agreement tested for thereafter. The Volk Digital Wide Field proved
unreliable with numerous measures of between 0.9 and 1.2 for varying smaller disc
sizes. Agreement was therefore not tested for in this lens, as any further statistical
analysis would have vyielded false and biased results based on poor correlation of raw
data. The best results were ascertained using the Volk Digital High Magnification lens
followed by the Volk super 66D lens — suggesting that lenses with higher magnification

are more accurate.

The slit lamp technigue of measuring optic disc size with application of a simple
equation yields useful results in close agreement to complicated, expensive technology.
It cannot replace accurate analysis by these methods but is sufficient in aiding clinical

decisions and diagnoses on patients.
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APPENDIX B: Data Information Sheet

PATIENT NUMBER:
AGE:

COMORBIDITIES:

RE

GENDER:

VA

REFRACTION

ONH (OCT)

AXIAL LENGTH
CALCULATED ONH USING AL

ONH (66D)

ONH (78D)

ONH (SUPERFIELD NC)

ONH (DIGITAL HIGH MAG)

ONH (DIGITAL WIDEFIELD)

LE
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APPENDIX C: Patient Information Sheet

Dear Patient

My name is Dr Farah Moti, | am a registrar (training to become an eye surgeon) in the
Division of Ophthalmology at the University of the Witwatersrand. | am conducting
research to measure the optic nerve head height. A qualified ophthalmologist in our
academic department is supervising this study and the University of the Witwatersrand
Human Research Ethics Committee has approved it.

When we look at the back of your eye, picture 1 below is what we see.

PICTURE 1 PICTURE 2

The optic nerve head is shown in the smaller picture. This is the beginning of the nerve
(which looks almost like a wire) that connects the eye to the brain. | would like to
measure the height of the optic nerve head as shown by the black arrow because it is
important to know the height for different diseases and even in normal eyes, not
everyone has the same size optic nerve head.

| would like to ask you to be a part of this study. Participation is voluntary and refusing
will not affect your medical care. The procedures will not be painful or invasive. In order
to participate, | need to instil some drops in your eyes to dilate your pupils. This will
make your vision blurry for approximately 4 hours so if you are driving, you cannot drive
home immediately. Once you are dilated, | will test your vision and measure your eyes
on 3 different pieces of equipment: One will take a picture of the back of your eye like
picture 1; two will measure your eye in centimetres from front to back; three will be
measuring your eye with different lenses on a slit lamp microscope. This will take about
one hour and when we are done you may go home. You may refuse to continue the
examination at any point and it will not change your regular management at St John Eye
Hospital. The test will have no further consequence on your eyes.

Allowing these tests to be performed will not improve treatment of your eyes nor will it
worsen your eye condition, so it will not benefit you in any direct way.

All the information we collect on your eyes will be stored under a number and not your
name. | will be the only person who knows your name and will ensure that your personal
details remain confidential.

Sincerely, Farah Moti (084 600 6786)
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APPENDIX D: CONSENT FORM

Clinical method of calculating optic nerve head vertical disc height

Investigator: Dr F R Moti

Institution: University of the Witwatersrand, Department of Neurosciences, Division of
Ophthalmology

To my patient:

This information sheet may contain words that you do not understand. Please ask the
doctor to explain any words or information that you do not understand.

l, hereby agree to be part of this
study. | understand that this will in no way affect management of the eye problems for
which | have presented, nor will it have any long-term adverse effects on my eyes. | have
been fully informed as to the procedures to be followed and have been given a
description of the discomforts, risks and benefits of joining this study. | will not
experience any pain during the measurements of my eye. | understand that if | have any
guestions at any time, they will be answered. | understand that my confidentiality will
be maintained at all times through the use of a numbering system. If | choose not to be a
part of this study | will not be treated any differently and this will not affect my regular
treatment or medical care in any way.

Name Signature/ thumbprint Date

Study Doctor

I, Farah Moti, herewith confirm that the above mentioned patient has been fully
informed about the nature, conduct and risks of this study.

Name Signature/ thumbprint Date
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APPENDIX E: Summary of sample population co-morbidities in

3.3.1

CO-MORBIDITY TOTAL
Diabetes mellitus 5
Diabetes mellitus & Asthma 1
Diabetes mellitus & Hypertension 6
Diabetes mellitus, Hypertension & Osteoarthritis 2
Gout 1
Hypertension 5
Hypertension & Asthma 1
Hypertension and Rheumatoid arthritis 1
Rheumatoid arthritis 3
Human Immunodeficiency Virus 1
Allergic keratoconjunctivitis 2
GRAND TOTAL 23
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