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Introduction
Keratoconus is a bilateral non-inflammatory progressive disease characterised by corneal 
thickness and structural changes.1,2 This corneal ectasia typically begins during puberty and has a 
prevalence of 1 in 2000 individuals with no gender and/or race predilection.1 Even though the 
exact pathophysiology of keratoconus is unknown, the corneal thinning characteristically 
associated with keratoconus is thought to be because of histopathological changes, including a 
partial or complete loss of the anterior limiting lamina and stromal lamellae, elongated spindle-
shaped superficial epithelial cells and flattened basal cells.3,4 Usually, the corneal thinning in 
keratoconus is localised within an ectatic region that includes the central and paracentral 
cornea.5,6,7 However, studies using light and electron microscopy as well as corneal mapping 
techniques have also shown peripheral corneal changes, albeit to a lesser degree than central 
corneal changes, in individuals with keratoconus.3,7

The alteration and thinning of the corneal stroma and epithelium in keratoconus leads to corneal 
protrusion and transfiguration to a conical shape.1 Consequently, astigmatism (regular and/or 
irregular) is a common characteristic of the refractive error in individuals with keratoconus.2,5,8 
In addition to astigmatism, other factors such as progressive myopia, higher order aberrations 
and media opacities contribute to visual impairment in individuals with keratoconus.6,8,9,10 
The refraction characteristics and structural changes to the optical surfaces in keratoconus are 
likely to influence the clinical eye examination of affected individuals particularly for tests aimed 
at assessing the health of internal structures such as the retina.11 Various techniques can be used to 
examine the retina, including ophthalmoscopy (direct and indirect), slit lamp biomicroscopy with 
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a condensing lens (90 D [dioptre] lens) or a contact lens 
(Goldmann three-mirror lens), fundus photography, fundus 
angiography, ultrasonography, computed tomography and 
optical coherence tomography (OCT).6,12

Optical coherence tomography, which is a biological 
imaging technology, was developed by researchers at the 
Massachusetts Institute of Technology in 1991.13 Since its 
development, OCT has been documented as a useful 
technology to image biological tissues and structures in the 
urinary,14 respiratory,15 gastrointestinal16 and circulatory17 
systems, and in recent years it has become an established 
method for ocular examination.18,19 This non-invasive 
technology allows for non-contact imaging capable of 
producing high-resolution cross-sectional images of 
structures in the anterior and posterior ocular segments.20,21 
As a result, OCT is being used to image ocular structures in 
cases of corneal diseases including ectasia disorders and 
dystrophies,22 macular diseases including oedema, holes 
and age-related degenerations,23 and glaucoma.24 In addition 
to qualitative ocular imaging, OCT devices can also provide 
quantitative measurements of ocular structures and have 
shown good reliability for repeated measurements of 
anterior and posterior ocular segment variables.25,26

It is well known that keratoconus is associated with changes 
in the anterior ocular segment and studies have reported on 
the variable measurements therein for individuals with 
keratoconus.27,28 Although the optical quality of the cornea is 
altered in keratoconus, devices based on the principles of 
OCT allow for comprehensive evaluation of the corneal 
thickness profile in affected individuals.7,27 It has been 
theorised that the ocular structures in the two segments of 
the eye are structurally related owing to the continuity of 
some of the ocular structures from the anterior segment into 
the posterior segment.29 As keratoconus has been reported 
with other ocular conditions, including retinitis pigmentosa,30 
Leber’s congenital amaurosis,31 choroidal neovascularisation,32 
central serous chorioretinopathy33 and Goldmann-Favre 
disease,34 investigating the posterior ocular segment in 
individuals with keratoconus is important particularly when 
corneal transplantation (penetrating keratoplasty and/or 
deep anterior lamellar keratoplasty) is considered as a form 
of management.32,35 Therefore, the aim of this study was to 
investigate macular thicknesses in patients with keratoconus.

Methodology
The study used a comparative cross-sectional research design 
and was conducted at the University of KwaZulu-Natal 
(UKZN) optometry clinic. Participants with keratoconus 
were recruited using convenience sampling and consisted of 
individuals who attended the UKZN optometry contact lens 
clinic. The control participants, who were age-, gender- and 
race-matched to the participants with keratoconus, were 
recruited using purposive sampling from individuals who 
attended the UKZN optometry general clinic. The keratoconus 
and control participants were aged between 18 and 35 years 
to minimise possible influences of increasing age and/or 

systemic diseases on the measurements of macular 
thickness.36,37

All participants underwent screening to assess eligibility for 
the study according to the study criteria. The screening 
procedures included case history, logarithm of the minimum 
angle of resolution (LogMAR) distance visual acuity, distance 
refraction, ophthalmoscopy, slit lamp biomicroscopy and 
tonometry using the iCare rebound tonometer. Participants 
presenting with ocular pathology other than keratoconus, 
systemic conditions, who are currently on medication, have a 
history of ocular surgery and/or injury, have intraocular 
pressure higher than 21 mmHg and central corneal scarring 
were excluded. Participants who passed the screening 
procedures and satisfied the inclusion criteria proceeded to 
data collection, which included corneal power and macular 
thickness measurements. Corneal power, along the two 
principal meridians (K1 and K2), was obtained using the 
Oculus Keratograph that is a reliable instrument.38,39 Macular 
thicknesses were obtained using OCT that has shown good 
repeatability and reproducibility for repeated measurements 
of retinal thickness in normal individuals and individuals 
with ocular pathologies.40,41

Participants were diagnosed with keratoconus based on slit 
lamp and corneal topography examinations. Clinical signs of 
keratoconus on the slit lamp examination included the 
presence of Munson’s sign, Rizzuti’s sign, Fleischer’s ring, 
Vogt striae, prominent corneal nerve fibres, corneal thinning 
and/or scarring. The severity of keratoconus was graded 
using the Collaborative Longitudinal Evaluation of 
Keratoconus (CLEK) study classification system.42 In the 
CLEK classification system, which is based on the steepest 
corneal power measurement, the grade of keratoconus may 
be classified as mild (less than 45 D), moderate (between 45 D 
and 52 D) or severe (greater than 52 D).42

The OCT examination was performed using the Optovue 
iVue100 optical coherence tomographer. The technical 
specifications of this OCT device include a scanning speed of 
26 000 axial scans per second, a frame rate of 256 – 4096 axial 
scans per frame and a wavelength of 830 nm – 850 nm.43 
Moreover, this Fourier-domain OCT device has axial and 
transverse resolutions of 5 µm and 15 µm, respectively.43 
Retinal thickness at the macular was measured using the 
retinal map scan protocol that consists of a raster pattern of 
horizontal line scans of 6 mm in length.43 This raster pattern 
comprises 13 line scans of 512 axial scans each in addition to 
7 line scans of 1024 axial scans each within a central 1.5 mm 
vertical zone.43 For the retinal thickness scans, the internal 
fixation target was used to minimise off-axis fixation, while 
the participant’s eye and retinal tomogram showing the 
characteristic foveal depression were monitored on the 
laptop screen. Retinal thickness is automatically measured 
by the pre-programmed algorithm in the iVue100 OCT device 
as the distance in microns between the inner retinal (inner 
limiting membrane) and outer retinal (retinal pigment 
epithelium) boundaries.43 Repeat retinal scans were taken 

http://www.avehjournal.org


Page 3 of 8 Original Research

http://www.avehjournal.org Open Access

when the scan was labelled as ‘poor’ on the laptop screen 
and/or had a scan quality index of less than 40 as per the 
manufacturer’s recommendations.43

The retinal map scan protocol displays the average macular 
thicknesses in a 6 mm × 6 mm macular map (Figure 1). This 
macular map consists of nine sectors within three regions, 
including the centre (0 mm – 1 mm), parafovea (1 mm – 3 mm) 
and perifovea (3 mm – 5 mm) in accordance with the Early 
Treatment Diabetic Retinopathy Study (ETDRS). The average 
thickness in the central 1 mm ring was recorded as the central 
foveal thickness. The parafoveal and perifoveal regions 
comprise four quadrants (superior, inferior, nasal and 
temporal) each. Accordingly, the mean macular thickness in 
the nine ETDRS sectors are displayed using a false-colour 
macular map (Figure 1). In this study, the average parafoveal 
macular thickness and the average perifoveal macular 
thickness, corresponding to the inner and outer macular 
thicknesses, respectively, were computed as the average of 
the four quadrants therein.

To ensure standardisation, the setting and equipment used 
remained the same throughout the data collection period. 
Moreover, the corneal power and measurements of macular 
thickness were performed by one researcher each. Three 

measurements each for corneal power and macular thickness 
per participant were taken and averaged. Refractive error, 
measured with autorefraction and subsequently refined with 
subjective refraction, was converted to a spherical equivalent 
as half the negative cylinder power added to the sphere 
power.44 The central corneal thickness (CCT) measurement 
was obtained using the iVue100 OCT device as studies using 
this technology have shown high levels of repeatability for 
corneal thickness measurements in individuals with normal 
corneas and those with keratoconus.45,46 The distance visual 
acuity and slit lamp examinations were performed by one 
researcher each using a high contrast LogMAR chart and 
Nidek CSO biomicroscope, respectively. Intraocular pressure 
measurements with the iCare rebound tonometer are similar 
to that of the Goldmann applanation tonometer in eyes with 
corneal anomalies, including keratoconus.47

Data were captured and analysed using the Statistical 
Package for Social Sciences (SPSS, version 25). Descriptive 
statistics included means and standard deviations. The one-
way analysis of variance (ANOVA) test was used to compare 
ocular variable measurements among the four study groups 
which included the three keratoconus groups (mild, moderate 
and severe) and one control group. The macular thicknesses 
are presented in the nine ETDRS sectors as means ± standard 
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OS, oculus sinister; 3D, three-dimensional; SLO, scanning laser ophthalmology.

FIGURE 1: Macular map showing the mean retinal thickness (in µm) in the nine Early Treatment Diabetic Retinopathy Study sectors.
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deviations. The study adopted a 95% significance level 
wherein a p-value of 0.05 or less was considered statistically 
significant.

Ethical considerations
The study, with reference number BE244/17, was approved 
by the Biomedical Research and Ethics Committee of the 
University of KwaZulu-Natal (UKZN). Written informed 
consent was obtained from all participants and all ethical 
guidelines, according to the tenets of the Declaration of 
Helsinki, were adhered to during the study.

Results
This sample included 88 participants, 44 each in the control 
and keratoconus groups. In the keratoconus group, there 
were 15, 11 and 18 participants classified with mild, moderate 
and severe keratoconus, respectively. Forty-five right eyes 
(22 control, 8 mild, 6 moderate and 9 severe) and 43 left eyes 
(22 control, 7 mild, 5 moderate and 9 severe) were analysed. 
The sample included slightly more black (n = 52) than Indian 
(n = 36) participants. Approximately two-thirds of the 
participants were male (n = 56).

Table 1 shows the demographic and ocular characteristics of 
the four groups. There were no significant differences in 
mean age (p = 0.484) and intraocular pressure (IOP) (p = 
0.435) among the four groups. With the exception of the 
moderate keratoconus group, all groups had more male than 
female participants. The mean corneal power along the two 
principal meridians and astigmatism were significantly 
different among the four groups (p < 0.001), with the moderate 
and severe keratoconus groups showing higher values than 
the control and mild keratoconus groups (Table 1). Not 
surprisingly, the mean CCT measurements were thinner in 
the keratoconus groups with the lowest value (413 µm) noted 
in the severe keratoconus group. The mean spherical 
equivalent refractive error differed among the four study 
groups (p < 0.001) and became significantly more myopic as 
the grade of keratoconus increased. The mean best-corrected 

LogMAR visual acuity was significantly better in the control 
group than in the three keratoconus groups (p < 0.001).

Table 2 summarises the mean macular thicknesses in the four 
groups for the nine ETDRS sectors. Overall, there were no 
significant differences in the mean macular thicknesses 
among the four groups for the central foveal thickness 
( p = 0.199) and each quadrant of the parafoveal ( p ≥ 0.200) 
and perifoveal ( p ≥ 0.211) regions. The mean central foveal 
thickness was ~12 µm higher in severe keratoconus than 
the other groups that showed similar measurements 
(247 µm – 248 µm). The average parafoveal and perifoveal 
macular thicknesses were 310 ± 16 µm and 286 ± 12 µm, 309 
± 11 µm and 282 ± 12 µm, 304 ± 15 µm and 280 ± 11 µm as well 
as 313 ± 19 µm and 282 ± 15 µm in the control, mild 
keratoconus, moderate keratoconus as well as severe 
keratoconus groups, respectively. This implies that the 
central fovea was thinnest followed by the perifoveal and 
parafoveal regions in all four groups. In each quadrant of the 
parafoveal region, the severe and moderate keratoconus 
groups showed the highest and lowest mean macular 
thickness measurements, respectively (Table 2). Within the 
perifoveal region, the mild and moderate keratoconus 
groups showed identical macular thicknesses for all 
quadrants except the temporal. In all four groups, the nasal 
and temporal quadrants of both the parafoveal and perifoveal 
regions were thickest and thinnest, respectively. For the 
retinal scans, the mean scan quality indices were significantly 
better in the control group (74) than in the mild (66), moderate 
(62) and severe (46) keratoconus groups (p < 0.001).

Discussion
Even though studies27,28 have reported on the measurement of 
ocular segment variables in individuals with keratoconus 
and controls, the focus has been mainly on anterior segment 
variables. In spite of this, the literature contains case reports 
of clinical instances where keratoconus has been found to co-
exist with some posterior segment ocular conditions.32,34 As 
corneal transplantation is an effective treatment option 
particularly for advanced keratoconus,5 a comprehensive 
evaluation of the posterior ocular segment is important in the 
clinical examination and preoperative assessment of affected 
individuals. In this study, macular thicknesses obtained 
using a Fourier-domain OCT device were compared between 
individuals with keratoconus and matched (age, gender 

TABLE 2: Means and standard deviations for macular thickness (µm) in the nine 
Early Treatment Diabetic Retinopathy Study sectors in the four study groups.
Macular region Control eyes

(n = 44)
Keratoconus groups

Mild  
(n = 15)

Moderate  
(n = 11)

Severe  
(n = 18)

Central fovea 247 ± 19 248 ± 7 247± 15 259 ± 29
Parafoveal superior 312 ± 16 309 ± 11 303 ± 15 316 ± 21
Parafoveal inferior 309 ± 15 307 ± 12 304 ± 15 311 ± 17
Parafoveal nasal 316 ± 18 316 ± 12 314 ± 16 320 ± 20
Parafoveal temporal 303 ± 16 303 ± 13 293 ± 17 306 ± 21
Perifoveal superior 289 ± 12 282 ± 10 282 ± 13 286 ± 19
Perifoveal inferior 278 ± 13 273 ± 15 273 ± 12 287 ± 20
Perifoveal nasal 303 ± 14 299 ± 15 299 ± 12 298 ± 16
Perifoveal temporal 275 ± 13 272 ± 14 267 ± 14 270 ± 16

TABLE 1: Means and standard deviations for demographic and ocular 
characteristics in the four study groups.
Variables Controls

(n = 44)
Keratoconus groups

Mild (n = 15) Moderate (n = 11) Severe (n = 18)

Age (years) 24.61 ± 4.41 25.53 ± 4.24 25.45 ± 6.30 23.33 ± 3.56
Gender 
(female:male)

16:28 3:12 6:5 7:11

Corneal power: 
K1 (D)

42.44 ± 1.67 41.86 ± 2.89 45.98 ± 1.49 53.14 ± 4.15*

Corneal power: 
K2 (D)

43.49 ± 1.78 43.69 ± 1.44 48.26 ± 2.97 58.26 ± 3.86*

Corneal 
astigmatism (D)

0.82 ± 0.93 1.26 ± 3.88 3.76 ± 1.63 3.71 ± 3.97*

CCT (µm) 495 ± 29 452 ± 121 470 ± 44 413 ± 74*
IOP (mmHg) 14.28 ± 2.54 15.23 ± 2.90 13.45 ± 2.51 14.33 ± 3.19
Spherical 
equivalent (D)

‒0.22 ± 1.06 ‒2.84 ± 2.64 ‒4.23 ± 3.66 ‒9.30 ± 5.08*

Visual acuity 
(LogMAR)

‒0.08 ± 0.09 0.29 ± 0.43 0.15 ± 0.36 0.31 ± 0.21*

D, dioptre; CCT, central corneal thickness; IOP, intraocular pressure.
*, p ≤ 0.05, one-way analysis of variance test.
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and race) controls. Overall, the results showed that macular 
thicknesses were comparable among the study groups.

In this study, there was no significant difference in mean 
central foveal thickness measurements among the control 
and three keratoconus groups ( p = 0.199). This finding is in 
agreement with previous studies11,35,48 that have also 
investigated and reported on central foveal thickness 
measurements between individuals with keratoconus and 
matched controls. Brautaset et al.35 reported an insignificant 
thickness difference of ~4 µm ( p = 0.491) with a Cirrus OCT 
device and Moschos et al.11 noted an insignificant thickness 
difference of ~7 µm ( p = 0.317) with a Stratus OCT device. 
Despite using a paediatric sample of keratoconus and control 
participants as well as a Spectralis OCT device, Yilmaz et al.48 
reported the same trend of an insignificant central foveal 
thickness difference of 18 µm ( p = 0.89) in their study. In 
contrast, Sahebjada et al.49 reported that the central foveal 
thickness measurement was 10 µm significantly higher in 
individuals with keratoconus than controls ( p < 0.05). 
Although the study by Sahebjada et al.49 consisted of a larger 
sample size (67 and 87 keratoconus and control participants, 
respectively), the participants with keratoconus differed 
from the controls as they were significantly younger (35 vs. 
44 years, p < 0.001) and more likely to be male (80% vs. 50%, 
p < 0.001). Consequently, comparing central foveal thickness 
measurements between individuals with keratoconus and 
controls without considering the influence of demographic 
factors such as gender and age may account for this difference. 
This is a possible explanation for the discrepancy in results 
between the present study and the study by Sahebjada et al.49 
as retinal thickness measurements are lower in females and 
have been reported to decrease with increasing age.36,50

The mean central foveal thickness measurements were 
almost identical in the control (247 µm), mild (248 µm) and 
moderate (247 µm) keratoconus groups. Uzunel et al.51 also 
noted similar central foveal thickness measurements between 
controls (~244 µm) and participants with grade 1 keratoconus 
(~247 µm), although they used a different OCT device to 
measure retinal thickness (Cirrus) and classification system 
to grade their participants with keratoconus (Amsler-
Krumeich system). This implies that the findings in the 
present study and that by Uzunel et al.51 validate the claim by 
Sahebjada et al.49 that retinal thickness changes in the central 
fovea tend to occur only in advanced stages of keratoconus. 
Sahebjada et al.49 proposed this claim as they observed that 
differences in the mean central foveal thickness measurements, 
between the keratoconus and control groups, failed to reach 
statistical significance when participants with only mild 
stages of keratoconus were included (p = 0.20). Consequently, 
Sahebjada et al.49 concluded that the central fovea may be 
unaffected in the early stages of keratoconus and starts to 
manifest changes with the progression of this corneal ectasia 
to more advanced stages.

In this study, participants in the severe keratoconus group 
showed 12 µm higher central foveal thickness measurements 

than the control group (259 µm vs. 247 µm). Sahebjada et 
al.49 postulated that the increased central foveal thickness 
measurements in individuals with keratoconus may be 
owing to a process similar to the retinomotor movements of 
photoreceptors observed in animal studies involving form-
deprivation. These studies, which involved chick eyes with 
monocular form-deprivation, have reported structural and 
thickness changes particularly in the outer retinal layers of 
the form-deprived eye compared with the normal eye.52,53 
By means of electron microscopy, it was shown that the 
photoreceptor outer segments undergo structural changes 
and become elongated in the form-deprived eyes.52 Some 
studies, involving humans with unilateral amblyopia 
because of anisometropia, have reported higher central 
macular thickness measurements in the amblyopic eye than 
the normal eye.54,55 Consequently, it is interesting to 
speculate that the central fovea becomes thicker, because of 
movements of the photoreceptors, to compensate for the 
reduced visual function in individuals with advanced 
keratoconus. This hypothesis, that relates to changes in the 
outer retina and perhaps the photoreceptor layer being 
accountable for the observed thickness differences, between 
participants with severe keratoconus and controls, is 
reasonable as studies have shown similar mean retinal 
nerve fibre layer thickness measurements in the normal and 
amblyopic eyes of humans with unilateral anisometropia.54,55 
An alternative explanation for the increased central foveal 
thickness in participants with severe keratoconus may be 
related to a compensatory process within the eye to prevent 
structural disorganisation owing to the marked thinning 
taking place at the central cornea.49 As such, it is 
recommended that longitudinal studies focused on the 
thickness of individual layers of the retina and cornea in 
individuals with keratoconus should be undertaken to 
further investigate these speculations.

Similar to the trend for the central fovea, no significant 
differences in mean thickness for each quadrant in the 
parafovea and perifovea were observed between the control 
and keratoconus groups in this study ( p ≥ 0.200). Overall, the 
thickness differences for the quadrants of the parafovea and 
perifovea ranged between 5 µm and 10 µm for the control 
and keratoconus participants. In their study, Brautaset et al.35 
reported insignificant thickness differences (range from 
1.8 µm to 5.2 µm with p ≥ 0.122) for each quadrant in the 
parafovea and perifovea between individuals with 
keratoconus and controls. Contrary to these results, Sahebjada 
et al.49 reported that participants with keratoconus had 10 µm 
and 9 µm significantly higher thickness measurements than 
controls in the parafovea and perifovea, respectively 
( p < 0.005). This implies that, irrespective of the statistical 
significance findings, the difference in retinal thickness for 
the parafovea and perifovea noted between the control and 
keratoconus groups in this study is in agreement with that 
reported in previous studies.35,49

In addition to the comparable mean macular thicknesses 
among the four study groups, the characteristics of these 
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measurements were also similar. For example, the mean 
thickness measurements were lowest for the central fovea 
followed by the perifovea and parafovea for all four study 
groups. The same trend of varying retinal thickness 
measurements in the macular, obtained using OCT devices, 
has been reported in other studies.36,45,56 Moreover, the nasal 
and temporal quadrants of both the parafovea and perifovea 
were thickest and thinnest, respectively, in all four study 
groups and this is in agreement with the findings of other 
studies.36,45,56 It has been suggested that the anatomical 
distribution of the fibres in the papillo-macular region 
accounts for this quadrant specific trend of retinal thickness 
measurements.56

Comparison of the mean central foveal thickness 
measurements found in the present study to values reported 
in the literature revealed interesting results. In the present 
study, the mean central foveal thickness measurements in 
participants with keratoconus ranged from 247 µm to 259 µm. 
These central foveal thickness measurements are similar to 
the values (243 µm – 258 µm) reported in other studies 
involving participants with keratoconus.10,35,48 In contrast, 
Moschos et al.11 and Sahebjada et al.,49 who used a Stratus 
OCT device, reported lower mean central foveal thickness 
measurements of ~158 µm and ~221 µm, respectively. This 
difference may be accounted for by different OCT devices 
using different retinal segmentation algorithms to detect the 
outer retinal boundary when measuring retinal thickness. 
This is a likely explanation as the outer retinal boundary for 
the iVue OCT device used in the present study is the retinal 
pigment epithelium layer, while the Stratus OCT device uses 
the junction of the inner and outer segments of the 
photoreceptors.56 The mean central foveal thickness in the 
control group was 247 µm that is similar to the measurements 
reported in a previous study57 involving South African young 
adults (238 µm–243 µm) and other studies58,59 involving 
African-American and black adults (245 µm – 257 µm).

As expected, there were significant differences in the corneal 
variables between the keratoconus and control groups. For 
example, the mean CCT thickness measurements in the 
keratoconus groups were thinner than that of the controls 
that have also been the trend in other studies.7,48,51 Even the 
mean corneal astigmatism, power along the two principal 
meridians and spherical equivalent refractive errors differed 
significantly among the four study groups. Overall, the three 
keratoconus groups had steeper corneas with higher amounts 
of astigmatism and myopic spherical equivalent refractive 
errors that corroborate the findings of other studies.48,49,51

Individuals with keratoconus present with alterations to the 
corneal surface where astigmatism is a common characteristic 
in affected individuals.2,5 In this study, the mean corneal 
astigmatism values were higher in the keratoconus groups 
than the controls. The effect of astigmatism on macular 
thicknesses has been evaluated in cross-sectional studies in 
which macular thickness was compared before and after 
contact lens correction as well as collagen cross-linking and 
with induced astigmatism. For example, Uzunel et al.10 

measured retinal thickness before and after rigid gas 
permeable contact lenses were worn by individuals with 
keratoconus and found that correction of the corneal 
astigmatism, with rigid gas permeable contact lenses, does 
not have a clinically significant effect on the macular 
thicknesses. In another study, in which astigmatism was 
induced using contact lenses, it was shown that macular 
thicknesses were not significantly affected by induced 
astigmatism.60 Moreover, Romano et al.61 reported that 
individuals with keratoconus, who had undergone collagen 
cross-linking, showed no statistically significant changes in 
retinal morphology and the central macular thicknesses at 
baseline (189 µm) and the 6-month follow-up (184 µm) were 
similar. This implies that even though the mean corneal 
astigmatism measurements differed significantly among the 
four study groups, it may not have had a significant effect on 
the mean macular thicknesses therein.

The mean best-corrected LogMAR visual acuity was 
significantly better in the controls than the participants 
with keratoconus as has been reported previously.11,51 
Brautaset et al.35 also noted better LogMAR visual acuity 
in controls than participants with keratoconus (0.02 vs. 
0.35), but failed to report if this difference was statistically 
significant. The presence of altered media and the 
characteristics of the refractive error in individuals with 
keratoconus are likely to account for this visual acuity 
difference. Moschos et al.,11 who compared retinal 
functioning by means of multifocal-electroretinogram 
recording in individuals with keratoconus and matched 
controls, observed that the electrical activity in the fovea 
and parafovea is significantly reduced and associated with 
lower best-corrected visual acuity in individuals with 
keratoconus. Consequently, the altered functioning despite 
no significant thickness changes in the macular may 
further account for the difference in visual acuity between 
participants with keratoconus and controls in this study.

In the present study, the sample composed of more males 
than females with keratoconus that is in agreement with 
previous studies.9,11,28,48,49 In contrast, studies10,51 involving 
individuals with keratoconus attending the Izmir Education 
and Research Hospital in Turkey reported a slightly higher 
percentage of females (60% – 65%) than males (35% – 40%) 
in their samples. This difference may be explained by a 
cohort effect as these two studies involved individuals with 
keratoconus being followed at the same institution. 
Although keratoconus is known to affect both males and 
females,1 gender-related differences with regard to vision, 
ocular symptoms and patient history have been reported 
for participants in the CLEK study.62

The scan quality index does not have a clinically significant 
effect on the retinal thickness measurements.63 In this study, 
the mean scan quality indices were significantly higher in 
controls than the three keratoconus groups. These results 
are in agreement with Brautaset et al.35 and Uzunel et al.,51 
who also noted significantly lower mean scan quality 
indices for participants with keratoconus than controls. 

http://www.avehjournal.org
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Despite the lower mean scan quality indices in the three 
keratoconus groups (range 46 – 66), these values were still 
higher than the cut-off value recommended by the 
manufacturer (40) and it was possible to interpret all the 
retinal cross-sectional images as well as record the retinal 
thickness measurements in the present study. It is likely that 
the refractive and media changes in individuals with 
keratoconus are accountable for the lower scan quality 
indices observed in affected individuals.51

The strengths of this study included the use of standardised 
examination protocols and corneal tomography as well as 
topography instruments with good repeatability. Moreover, 
the participants with keratoconus and controls were matched 
for demographic characteristics (age, gender and race) to 
minimise the influence of the latter on the macular thickness 
measurements. Although the study consisted of a small 
sample of participants with keratoconus (n = 44), the 
evaluation and comparison of macular thicknesses among 
the three grades of keratoconus was considered a strength of 
this study. Therefore, it is recommended that future studies 
use larger sample sizes and a longitudinal study design to 
investigate macular thicknesses in individuals with differing 
grades of keratoconus.

Conclusion
The study concludes that the macular thickness differences 
between individuals with keratoconus and controls are 
clinically insignificant. Therefore, abnormally reduced 
macular thicknesses in patients with keratoconus suggest 
that other reasons or underlying pathologies may be present. 
Consequently, macular thicknesses with OCT devices should 
be included in the preoperative assessment of individuals 
with keratoconus awaiting corneal transplantation to assess 
the integrity of the retina prior to surgery. If any abnormal 
measurements are found, one needs to revaluate the need for 
surgery and consider that the visual outcomes after surgery 
may be suboptimal owing to the presence of retinal anomalies 
that may be affecting vision in addition to keratoconus.
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