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ABSTRACT 

Importance: Glaucoma progression rates may differ depending on the retinal 

structural parameters measured and between devices. 

Background: To compare retinal nerve fibre layer (RNFL) and ganglion 
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cell/inner plexiform layers (GCL/IPL) progression rates using two spectral-

domain optical coherence tomography (OCT) systems. 

Design: Prospective, university hospital setting. 

Participants: Cross-sectional study: 100 eyes from 53 glaucoma suspects and 

early manifest glaucoma cases. Longitudinal study: subset of 61 eyes from 33 

participants. 

Methods: Same day optic nerve and macular images were acquired using 

Cirrus and Spectralis systems from which RNFL and GCL/IPL thicknesses were 

calculated. Longitudinal analysis of RNFL and GCL/IPL progression rates was 

calculated from 6x6- monthly follow-up OCT scans. 

Main outcome measures: RNFL and GCL/IPL thicknesses in matched superior, 

inferior, and global regions were compared by both systems cross-sectionally 

and longitudinally. 

Results: At baseline, no RNFL thicknesses differed between devices. Cirrus 

GCL/IPL regions were significantly thicker than Spectralis (p<0.001). RNFL 

and GCL/IPL global progression rates (µm/yr) had a mean (SD) of –1.28 

(1.11) and 95% CI:[-1.48, -1.09], and -0.51 (0.58) and 95% CI:[-0.62, -0.41], 

respectively. Progression rates were similar across devices. RNFL loss (%) 

progressed significantly faster than GCL/IPL, in all regions (p≤0.004). 

Conclusion: Despite baseline thickness differences, overall Cirrus and 

Spectralis provided similar rates of RNFL and GCL/IPL progression in early 

glaucoma and can be considered comparable, though not interchangeable, in 

clinical practice. Further analysis is needed to determine if RNFL progresses 

faster than GCL/IPL in glaucoma, and whether one precedes the other. 

 

Keywords: Glaucoma, Optical coherence tomography, retinal nerve fibre layer, 

ganglion cell layer 
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1. INTRODUCTION 

 

Glaucoma is a progressive optic neuropathy, characterised by gradual loss of 

retinal ganglion cells (RGCs) leading to structural damage of the retinal nerve 

fibre layer (RNFL) and ganglion cell layer inner plexiform layer (GCL/IPL). These 

changes can be quantified using spectral-domain optical coherence 

tomography (SD-OCT). Monitoring the peripapillary RNFL (pRNFL) and macular 

ganglion cell layer (mGCL) thicknesses is now standard practice in glaucoma 

clinics, with structural changes often indicating progression of glaucoma prior 

to reproducible visual field loss1. There are various OCT devices which have 

been used clinically and for research purposes to document changes of the 

RNFL and GCL/IPL in glaucoma2. It is now recognised that the rate of 

progression of glaucoma is extremely important, and the capability of the OCT 

to accurately define an individual’s rate of loss in an objective manner, is one 

of the strengths of the technique. Modifying the rate of progression with 

treatments and assessing new treatment effects in clinical trials requires 

several tests over time. The heterogeneity of OCT devices in parameters, 

acquisition and analysis methods has led to inconsistency of cross-sectional 

thickness results2. Whether rates of progression also vary between devices is 

not known. Two of the commonly used OCT systems are Cirrus (Carl Zeiss) 

and Spectralis (Heidelberg Engineering). Though the acquisition and outputs 

of these systems are similar, they have minor differences in image size, 

regions assessed, automated functions, retinal layer segmentation algorithms 

and statistical methods used to create reports, which may influence clinical 

glaucoma opinions. As many clinics have historically or currently used both 

devices, it is important to know whether the outputs are comparable. The 

current study aims to compare the Cirrus and Spectralis devices regarding 

RNFL and GCL/IPL thicknesses and progression rates in glaucoma suspects 

and early manifest glaucoma cases, and as a secondary aim to assess whether 

the rate of progression in early glaucoma was faster in RNFL vs GCL/IPL as an 

absolute value or as a percentage loss. 
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2. METHODS 

 

This study was approved by the Macquarie University Human Research Ethics 

Committee and all study procedures adhered to the tenets of the Declaration of 

Helsinki. All participants provided written and informed consent. 

 

2.1 Participants 

A total of 53 glaucoma subjects were included in this study. They were grouped 

as either glaucoma suspects including pre-perimetric glaucoma (glaucomatous 

appearing optic discs +/- ocular hypertension but still normal visual fields), or 

early manifest glaucoma (with reproducible field defects that correlated with 

disc change). They were examined at the Macquarie Eye Clinic, Macquarie 

University Hospital between January 2015, and June 2019. A subset of 33 

participants (enrolled in the PROGRESSA study), for which 6 consecutive OCT 

scans were available on both systems, were included in a longitudinal analysis. 

 

All participants were between the ages of 18 and 85 years. Exclusion criteria: 

participants were excluded if they had best corrected visual acuity (BCVA) 

<6/18; narrow iridocorneal angle or previous peripheral iridotomy; previous 

intraocular surgery excluding phacoemulsification; steroid induced ocular 

hypertension; retinal, optic nerve or neurological disease causing non-

glaucomatous visual field defect or obvious non- glaucomatous disruption to 

OCT images; inability to obtain disc photography or reliable visual field tests. 

 

Glaucoma suspects were required to have normal (stage 0)3 visual field test 

results from two tests performed within a 12 week period. Many suspects 

were identified as pre- perimetric glaucoma or were ocular hypertensive. Early 

manifest glaucoma participants were characterized by stage 1 (Anderson 

criteria) visual field defect (mean deviation better than -5.0 dB)3. 51/53 

participants were currently receiving mono- or combination therapy, as part of 

their clinical care, the remaining 2 participants were being monitored. All 53 

subjects (100 eyes comprised of 80 suspects (including 61 pre-perimetric 
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glaucoma and 8 ocular hypertension), and 20 manifest glaucoma cases) were 

included in a cross-sectional baseline comparison analysis. A subset of 33 

participants (61 eyes) on whom reliable data was available on both OCT 

devices from a total of at least 6 follow- up visits at 6-month intervals, were 

included in the progression analysis. The 61 eyes used in the progression 

analysis included 55 glaucoma suspects (including 41 pre- perimetric 

glaucoma and 8 ocular hypertension) and 6 early manifest glaucoma cases. 

 

2.2 Clinical examination and analysis 

Participants underwent detailed medical history and medications, visual field 

testing (Humphrey 24-2 automated perimetry), IOP (applanation tonometry), 

visual acuity (Snellen chart), central corneal thickness (ultrasound corneal 

pachymetry), autorefraction (Topcon), and retinal imaging (Cirrus and 

Spectralis SD-OCT). Spherical equivalent was calculated as the spherical 

power + ½ (cylindrical power). For the progression analysis, tests were 

repeated each 6 months, at all subsequent follow-up visits. 

 

2.3 Standard Automated Perimetry 

Visual field tests were performed using SITA (Humphrey Field Analyzer, Carl 

Zeiss Meditec) at each visit. Tests were considered reliable if there were ≤33% 

fixation losses, ≤15% false negatives and ≤12% false positives. 

 

2.4 Cirrus OCT acquisition and analysis 

At each visit, SD-OCT images were captured using the Cirrus HD-OCT and 

Spectralis systems (Figure 1). For Cirrus, pRNFL thicknesses were acquired 

using the optic disc cube 200 x 200 protocol, which centres a 3.46mm 

diameter circle around the optic disc. Macular GCL/IPL images were obtained 

using the macular cube 512 x 128 protocol which captures a macular region of 

6mm x 6mm. Cirrus software provides a measurement of GCL/IPL thicknesses 

within a 4.8 x 4.0mm elliptical annulus centred around the fovea for each scan. 

Scans were inspected for obvious segmentation errors and excluded if 

detected, but the automated software does not allow for adjusting layer 
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segmentation manually. Both macular and optic disc scans were required to 

meet the image quality criteria at each visit in order to be included in the 

analysis. In accordance with Zeiss guidelines, scans with a signal strength of 

<6 were excluded from the analyses4. Scans with a signal strength of 6 were 

inspected for obvious artefacts and excluded when these artefacts were within 

the designated analysis area. Scan signal strength ranged from 6-10, with a 

mean score of 8.5. 

 

Optic disc and macular cube analysis reports provide generated regional 

thicknesses as 4 quadrants and 6 sectors, respectively. In this study, the 

inferior and superior regions were defined by the automated pRNFL quadrants 

and hemispheric macular GCL/IPL (mGCL/IPL) sectors. 

 

Progression rates were determined by manual linear regression calculation of 

thicknesses (average, inferior and superior) from 6 consecutive visits (2.5 

years follow- up). 

 

Figure 1: Same day OCT scans from an individual with pre-perimetric 

glaucoma. Top row from left: Cirrus generated optic disc thickness map, 

deviation map, and circular tomogram. Second row: Spectralis generated 

RNFL circle scan and thickness profile showing inner limiting membrane and 

RNFL segmentation. Third row: Cirrus macular cube thickness map, deviation 

map, and horizontal scan. Bottom row: Spectralis matched posterior pole with 

6 x 6 grid overlay showing GCL thicknesses, analysis region marked by white 

square; macular thickness profile with RNFL, GCL, and IPL segmentation 

selected. Abbreviations: OCT: optical coherence tomography; RNFL: retinal 

nerve fibre layer; GCL: ganglion cell layer; IPL: inner plexiform layer. 
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2.5 Spectralis OCT acquisition 

For Spectralis pRNFL images were acquired using the RNFL 12° circle scan 

approximately 3.4 mm diameter, and macular imaging was acquired using the 

posterior pole function which captures 61 B-scans centred on the fovea. The 

anatomic positioning system feature automatically orients the scans to align 

with each patient’s fovea and Bruch’s membrane opening, while real-time eye 

tracking counteracts patient movement and stabilises the scan. Both macular 

and optic disc scans were required to meet the image quality criteria at each 

visit in order to be included in the analysis. In accordance with Heidelberg 

guidelines, scans with quality scores >15 were considered acceptable5. Scan 

quality ranged from 17-39 with a mean quality of 28.7. After reviewing Cirrus 

and Spectralis image quality, 8 eyes were excluded from progression due to 

poor image quality, with no systematic diagnostic associations between these 

eyes, leaving a total of 61 eyes in the analysis. 

 

Automatic segmentation of the RNFL, GCL and IPL were manually reviewed 

and corrected by trained operators (DS and AS) within the Spectralis system. 

The posterior pole macular thickness map was exported, from which the 

internal 6 x 6 grid was analysed (Figure 1), so as to minimise the impact of 

artefacts arising from the larger blood vessels in the peripheral grid. GCL and 

IPL data was combined in Excel and analysed as one complex (GCL/IPL). 

mGCL/IPL superior and inferior regions were defined by hemispheric analyses 

and exported RNFL data was analysed according to Cirrus matched angles of 

interest (Superior= 45-135°, inferior=225-315°). 

 

Progression rates were determined by manual linear regression calculation of 

thickness data from 6 consecutive visits. Examples of a patient’s rates of 

progression as determined using both Cirrus and Spectralis can be seen in 

Figure 2.  Once rate of progression was calculated, we also wanted to 

determine comparable extent of change. Therefore, for both Cirrus and 

Spectralis data, percent change was calculated as progression rate/baseline 

thickness * 100. 
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Figure 2: Examples of rates of progression using Cirrus and Spectralis 

measurements for one individual with pre-perimetric glaucoma. Rates of 

progression were calculated from thickness measurements at 6 consecutive 

visits. Annual rates of progression (µm/year) per region provided. 

 

2.6 Statistical analysis 

Statistical analysis was completed using the Statistical Package for Social 

Sciences (SPSS; Windows version 25). All analyses were two-tailed with 

significance taken at an alpha of 0.05. Descriptive statistics were calculated as 

mean and standard deviation. Shapiro-Wilk tests were performed to assess 

normality of continuous variables, and all variables were able to be analysed 

with parametric tests. Univariate linear models were generated to analyse the 

This article is protected by copyright. All rights reserved.

A
cc

ep
te

d 
A

rti
cl

e



difference between devices with individual patient identification (subject) 

included as a random factor to account for inter-eye correlation. Extent of 

change was analysed with a univariate linear model fitted with subject as a 

random factor and refraction (spherical equivalent) as a covariate. Bivariate 

correlations were analysed with Pearson’s coefficient reported. Bland-Altman 

plots were created and analysed using GraphPad Prism Version 8 to determine 

agreement between devices. 

 

3. RESULTS 

 

3.1 Cross-sectional structural parameters 

One hundred eyes from 53 individuals (mean age 64.14) were analysed at 

baseline. Individuals were of Caucasian ethnicity, aside from one individual 

who was South Asian. Their demographic and ocular characteristics are 

summarised in Table 1. 

 

Table 1: Baseline demographic and ocular characteristics 

 

Characteristics Glaucoma 

Suspects 
(n=75 

eyes) 

Glaucoma 

Subjects 
(n=25 

eyes) 

Total cohort 

(n=100 
eyes) 

Age, years 62.26 (8.44) 69.80 (6.50) 64.14 (8.62) 

Sex, number female (%) 49 (65.3) 13 (52.0) 62 (62.0) 

Intraocular Pressure (mmHg) 13.92 (2.43) 14.48 (3.92) 14.06 (2.86) 

Vertical cup-disc ratio 0.65 (0.12) 0.64 (0.19) 0.65 (0.14) 

Central Corneal Thickness (µm) 542.87 (27.59) 550.46 (20.03)† 544.71 (26.07)‡ 

LogMar Equivalent BCVA -0.0003 (0.04) 0.04 (0.09) 0.01 (0.06) 

Baseline Mean Deviation (dB) -0.61 (1.96) -1.88 (2.19) -.93 (2.09) 

Spherical Equivalent (D) 0.10 (2.16) 0.12 (2.90) 0.11 (2.34) 

Self-reported family history of 
glaucoma, number of positive 

reports (%) 

59 (78.7) 12 (48.0) 71 (71.0) 

Table 1 shows the baseline demographic and ocular characteristics for 

glaucoma suspects, early manifest glaucoma subjects and total cohort. Data 

are mean (standard deviation) unless otherwise specified. Abbreviations: 

BCVA: best corrected visual acuity. 

† Valid data for 24/25 eyes 
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‡ Valid data for 99/100 eyes 

 

IOP for the total cohort ranged between 8-27 mmHg. Further breakdown of 

IOP showed 71% of all participants to have baseline IOP between 8-14 

mmHg, 25% between 15- 20mmHg and 4% between 21-27mmHg. 

 

Analysis of refraction showed that most eyes had low refractive error. Of the 

total cohort, 38% of eyes had a myopic refraction, the remainder were 

emmetropic or mildly hypermetropic. Eyes that were included in the 

longitudinal study had, at baseline, a spherical equivalent range of –5.62 to 

+4.13D. 

 

Table 2: Baseline regional RNFL and GCL/IPL thickness 

 

Baseline 

Thickness (µm) 

Cirrus, 

Mean (SD) 

Spectralis, 

Mean (SD) 

P Correlation 

r2, p 

Global pRNFL 82.23 (12.03) 82.93 (13.03) 0.316 0.832, <0.001 

Superior pRNFL 99.20 (17.73) 99.58 (18.62) 0.645 0.792, <0.001 

Inferior pRNFL 102.95 (20.48) 105.03 (22.92) 0.061 0.884, <0.001 

Global mGCL/IPL 73.87 (8.23) 62.71 (7.24) <0.001 0.939, <0.001 

Superior mGCL/IPL 74.57 (8.52) 63.38 (7.67) <0.001 0.925, <0.001 

Inferior mGCL/IPL 73.17 (9.08) 60.48 (7.62) <0.001 0.889, <0.001 

Table 2 shows the RNFL and GCL/IPL baseline thicknesses in the global, 

superior, and inferior regions, measured using the Cirrus and Spectralis 

devices. Data are mean (standard deviation). Difference of devices p values 

given for univariate linear model after adjustment for inter-eye correlations. 

Pearson’s r2 correlations reported. Abbreviations: pRNFL: peripapillary retinal 

nerve fibre layer; mGCL/IPL: macular ganglion cell layer/inner plexiform layer. 
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Cross-sectional Cirrus and Spectralis OCT regional thicknesses are shown in 

Table 2. The RNFL was consistently thicker when measured using the 

Spectralis compared with 

Cirrus yet was only marginally different between the devices in the inferior quadrant 

(p=0.061). GCL/IPL thicknesses were significantly different between OCTs in all 

regions (p<0.001), with Cirrus mean values consistently greater than Spectralis 

mean values. 

 

3.2 Progression Rates 

Longitudinal analysis was performed on a subset of sixty-one eyes from 33 

PROGRESSA participants (mean age 62.31). Progression was analysed over 6 

consecutive visits, totalling approximately 2.5 years (Table 3). 

 

Table 3: RNFL and GCL/IPL progression over 6 visits 

 

Progression Rates 

(µm/year) 

Cirrus Mean (SD) Spectralis Mean (SD) P 

Global pRNFL -1.31 (1.22) -1.26 (1.00) 0.490 

Superior pRNFL -1.89 (2.24) -1.44 (1.72) 0.107 

Inferior pRNFL -2.13 (1.93) -1.75 (1.48) 0.041 

Global mGCL/IPL -0.48 (0.66) -0.55 (0.50) 0.314 

Superior mGCL/IPL -0.54 (0.69) -0.48 (0.60) 0.707 

Inferior mGCL/IPL -0.44 (0.74) -0.59 (0.58) 0.205 

Table 3 shows the progression rates in 61 eyes for the global, superior, and 

inferior regions of the pRNFL and mGCL/IPL, calculated from 6 visits using 

Cirrus and Spectralis devices. Data are mean (standard deviation). Difference 

of devices p values given for univariate linear model after adjustment for inter-

eye correlations. Abbreviations: pRNFL: peripapillary retinal nerve fibre layer; 

mGCL/IPL: macular ganglion cell layer/inner plexiform layer. 
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Figure 3: Bland-Altman plots of RNFL and GCL/IPL rates of progression, 

showing the difference of Cirrus and Spectralis measurements, plotted against 

the mean of these measurements. Abbreviations: RNFL: retinal nerve fibre 

layer; GCL/IPL: ganglion cell layer/inner plexiform layer. 

 

Progression rates were marginally significantly different between devices in 

the inferior RNFL (p=0.041), but not in any other region. Table 3 shows that 

although progression was similar across both devices, Cirrus progressed on 

average, at a non-significantly greater, yet similar, rate than Spectralis in the 

RNFL. In the GCL/IPL, Spectralis progressed at a non-significantly greater rate 

in the global and inferior, but not superior region. 95% CIs for Cirrus RNFL in 

for the global, superior and inferior regions were [- 1.62, -1.00], [-2.46, -1.32] 

and [–2.62, -1.63] respectively, and for Spectralis RNFL were [-1.51, -1.00], [-

1.88, -1.00], [-2.13, -1.37] respectively. GCL/IPL 95% CIs for the global, 

superior and inferior regions with Cirrus were [-0.64, -0.31], [-0.72, -0.36], [-

0.63, -0.25], respectively, and with Spectralis were [-0.68, -0.42], [-0.63, -

0.32], [-0.74, -0.44] respectively. Bland-Altman plots (Figure 3) were created 

to evaluate the agreement between Cirrus and Spectralis devices in 

measuring rates of progression within each
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region. With small average discrepancies and relatively narrow limits of 

agreement, there does not appear to be a systematic clinically relevant bias for 

either device in any RNFL or GCL/IPL region, according to the Bland-Altman 

evaluation. 

 

Visual field measurements (visual field index; VFI) indicate that the rate of 

progression was on average -0.15 %/year (SD= 0.60) with maximum 

progression of -1.60%/year and minimum +2.20%/year during the study 

period. At baseline, the mean deviation (MD) of eyes in the longitudinal study 

ranged from -3.53 to +2.24, mean -0.14 (SD= 1.28), and at most recent 

visit, MD ranged from -3.52 to +1.57, mean -0.99 (SD= 1.27). Two eyes had 

consistently unreliable visual field tests which led to their exclusion from VFI 

and MD descriptive statistics. 

 

3.3 Percent Change of RNFL and GCL/IPL 

To compare the extent of RNFL and GCL/IPL progression, percent change over 

time was calculated and is expressed in Table 4. Global, superior, and inferior 

progression was significantly greater in the RNFL compared to the GCL/IPL, 

regardless of OCT system (p≤0.001, p≤0.004, and p≤0.002, respectively). 

 

Table 4: Percent change of the RNFL and GCL/IPL over time within each OCT 

device 

 

Cirrus progression rates 

percent change (%) 

RNFL 

Mean (SD) 

GCL/IPL 

Mean (SD) 

P 

Global -1.53 (1.46) -0.64 (0.90) <0.001 

Superior -1.81 (2.11) -0.71 (0.94) 0.001 

Inferior -1.97 (1.69) -0.60 (1.03) <0.001 

Spectralis progression 

rates percent change (%) 

RNFL 

Mean (SD) 

GCL/IPL 

Mean (SD) 

P 

Global -1.51 (1.17) -0.86 (0.81) 0.003 

Superior -1.42 (1.53) -0.74 (0.96) 0.004 

Inferior -1.65 (1.43) -0.94 (0.95) 0.002 
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Table 4 shows the extent of regional RNFL and GCL/IPL loss over time 

measured as a percent of baseline thickness. Data are mean (standard 

deviation). Difference of devices p values given for univariate linear model 

after adjustment for: inter-eye correlation and spherical equivalent at 

baseline. Abbreviations: RNFL: retinal nerve fibre layer; GCL/IPL: ganglion cell 

layer/inner plexiform layer. 

 

4. DISCUSSION 

 

This longitudinal study compared RNFL and GCL/IPL parameters and 

progression rates in two commonly used OCT devices, Spectralis and Cirrus. 

Since there were only marginally statistically significant differences in 

progression rates between devices in the inferior region (p=0.041), and no 

differences in other regions, progression rates can be considered similar 

between the two devices. This provides clinical confidence when comparing 

subjects on different systems, and also allows for between site, and clinical 

trial comparisons to be made. While the two systems are not interchangeable 

due to differences in baseline measurements, as well as in test regions and in 

segmentation algorithms, they do produce rates of progression that are very 

similar for both the RNFL and GCL/IPL. 

 

At baseline, RNFL thickness measurements were significantly correlated in all 

regions between devices (Table 2). Strong Pearson’s correlations are 

unsurprising considering both devices are measuring similar outcomes6. 

Spectralis RNFL thickness measurements were slightly greater than Cirrus. 

This is consistent with other cross- sectional studies comparing devices. 

Faghihi et al. similarly studied a cohort of glaucoma suspects and subjects and 

showed Spectralis to be significantly thicker than Cirrus across all regions of 

the RNFL, reporting a comparable range of values to the current study6. 

Additionally, thicker Spectralis RNFL measurements compared with Cirrus 

measurements have been reported in healthy participants and glaucoma 
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subjects7-9. 

 

Contrary to RNFL thickness, GCL/IPL thicknesses were significantly greater 

when measured with Cirrus compared to Spectralis across all regions. While 

there is a strong correlation between RGC count and mGCL/IPL10, and the 

clinical utility of OCT measurement of the GCL/IPL in glaucoma is well 

recognised11-16, we are only aware of one study in glaucoma which 

compared GCL/IPL thickness using both Spectralis and Cirrus systems in the 

same individuals17. Contrary to current study findings, Brandao et al. found 

that Spectralis GCL/IPL values were on average thicker than Cirrus17. Other 

comparisons of GCL/IPL thickness between Cirrus and Spectralis have been in 

healthy eyes or within other ophthalmic pathologies or neurologic conditions, 

typically supporting this trend18-20. The heterogeneity likely reflects a 

difference in the area selected for analysis within the macula. With Spectralis, 

our study analysed a square region of approximately 6mm x 6mm which is 

larger than the elliptical area captured by Cirrus GCL/IPL and that studied by 

Brandao et al.17. The Cirrus demarcated elliptical annulus was chosen by the 

manufacturers as it best conforms to the optical anatomy and is said to 

contain the highest density of RGCs21. However, the larger square grid macular 

region in Spectralis was used in this study as it encompasses areas with 

commonly observed wedge defects and bundle thinning, but we excluded the 

peripheral grid squares as these overlap with the vascular arcades reducing 

image quality (see Figure 1). The GCL/IPL thickness ranges of the current 

study are in line with previous glaucoma literature from both Cirrus22,23 and 

Spectralis24 studies. Furthermore, a trend of thicker Cirrus measurements 

compared with Spectralis has been shown in a neuroretinal rim width study of 

glaucoma patients and healthy controls25. 

 

The non-significant differences in progression rates between the devices 

reported in Table 3 suggest that, regardless of thickness differences, the 
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Spectralis and Cirrus systems are comparable in their measurement of RNFL 

and GCL/IPL regions. There was a marginally  significant  difference  in  

progression rates  between devices  in the inferior RNFL (p=0.041). A high rate 

of change in the inferior region is commonly reported in glaucoma26, however, 

some individuals did show greater differences than others (see Figure 3 – 

bland Altman plot). Since for each eye, there was only one optic nerve and 

one macular scan acquired from each device at each visit, there is a possibility 

of an unaccounted-for test-retest effect. However, other studies have shown 

intra-visit measurements with Cirrus27,28 and Spectralis OCT devices29-31 to 

be highly reproducible. The inclusion of the eye-tracker and follow-up scan 

placement functions also help to reduce any variability. Therefore, any test-

retest effect in the current study is likely to be negligible. Spectralis RNFL 

scans were kept at a consistent angle, where possible, to best match Cirrus, 

however small differences in progression rates of the RNFL may also be due to 

inter-device variation in scan angle and compensation for disc tilt that could be 

increased in a region of greater structural damage. 

 

Thinning of the inferotemporal RNFL and GCL/IPL, is common in glaucoma32. 

Focal thinning of the mGCL/IPL has been reported to correspond to RNFL 

thinning in the region of the optic disc known as the macular vulnerability zone 

(MVZ) which contains most of the inferior macula projections. A cross-

sectional study used the OCT deviation map feature to determine that though 

pRNFL MVZ defects were always associated with mGCL/IPL thinning, this 

relationship was not bidirectional33. This suggests that mGCL/IPL loss may 

precede pRNFL MVZ change. Further, when this result was explored 

longitudinally, the same team found that in early stage glaucoma, it appears 

that the mGCL/IPL thinning preceded corresponding pRNFL change34. A 

previous POAG study using the Cirrus generated Guided Progression Analysis 

(GPA) showed that over approximately 5 years, RNFL and GCL/IPL thinning 

was found to exist independently, and in conjunction with each other. When 

both RNFL and GCL/IPL thinning occurred, there was no consistent temporal 
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relationship, yet 74.3% of these eyes showed spatial correspondence between 

the layers35. Numbers in the current study were not large enough to answer 

the temporal relationship question of the RNFL and GCL/IPL, but it appears we 

had phenotypes progressing with either parameter first. With the large cohort 

of patients being collected in the PROGRESSA Study (>1500 enrolled to date) 

future analysis will be able to explore this in more detail and relate it to 

glaucoma subtypes and genetic differences. 

 

Global progression of the RNFL in the current study of glaucoma suspects and 

early manifest glaucoma patients ranged from -4.51 to +1.09 µm/year, with a 

mean progression of -1.31 with Cirrus and -1.26 with Spectralis, which are 

within similar range to reported values36,37. GCL/IPL global progression 

ranged from -2.06 to +0.64 µm/year, with a mean progression of -0.48 with 

Cirrus and -0.55 with Spectralis. Similar progression rates have been reported 

in early glaucoma subjects38 and within a glaucoma cohort when not 

accounting for severity39. Greater average thinning, yet within the same 

range, was reported in mild glaucoma, as determined using the GPA feature of 

Cirrus OCT32. The small number of patients with positive values had no 

discernible epiretinal membrane identified, but we believe this represents the 

likely explanation. There may also be a small test-retest effect present, 

however as both devices have been shown to be highly reproducible27-31, and 

any test-retest variability would decrease over the multiple visits, this likely 

does not account for the total variation. 

 

Some studies have reported progression of the RNFL to be more frequent, 

faster, and/or more extensive than the GCL/IPL32,38, but this depends on the 

definition used for progression. Since the thickness of the RNFL and GCL/IPL 

are greatly varied at baseline, to explore whether there is a difference in the 

extent of each layer’s progression rates, we performed a percentage change 

analysis (Table 4), which indicated that the RNFL consistently progressed at a 

significantly faster rate than the GCL/IPL regardless of device. Other studies in 
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glaucoma have similarly reported greater extent of change in the RNFL 

compared with GCL/IPL, as well as showing RNFL loss prior to GCL/IPL loss in 

the early stage of glaucoma32,38. In advanced glaucoma, there are well 

recognised ‘floor effects’ whereby there is extensive thinning and further 

structural loss cannot be detected40. Comparison analyses in this advanced 

cohort have suggested that the GCL/IPL is less likely to reach floor thickness 

levels compared with the RNFL39,40. This may indicate that the GCL/IPL 

progresses slower or further into the disease trajectory than the RNFL, 

supporting the current findings of greater RNFL than GCL/IPL loss in glaucoma 

suspects. 

 

The progression analysis followed individuals in the early stages of glaucoma 

who were nearly all on treatment, with a relatively small rate of change of VFI 

(-0.15 % per annum). However, in the early stages of glaucoma, this is likely 

to reflect a significant loss of RGCs41. In the current pathophysiological 

knowledge regarding temporal order of events in glaucoma, it is unknown 

whether RGC loss is concurrent with their axonal loss or whether one precedes 

the other. It therefore remains possible that the extent of RNFL and GCL/IPL 

thinning varies with severity or progression of glaucoma, or that different 

phenotypes may manifest changes in one prior to the other38,42. A previous 

study in glaucoma suspects showed that eyes which developed visual field 

damage had significantly greater RNFL loss than eyes which did not43. 

Further, faster rate of thinning of the RNFL has been shown to be associated 

with higher risk of future visual field worsening44. While visual field damage 

was not specifically looked at in the current study, these results suggest further 

future investigation is warranted. The current progression analysis included 

individuals with suspect or early manifest glaucoma, so future research should 

compare this group with healthy controls and advanced glaucoma patients to 

observe any differences in this trend, as well as identify different structural 

phenotypes and correlate these with genotype. 
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This study is novel in that it compared two commonly used OCT devices not 

only cross- sectionally but longitudinally over a period of 2.5 years in the same 

individuals. Limitations include a relatively small sample size for the 

longitudinal study (33 subjects/61 eyes). We also did not include healthy 

controls, but the literature does include reports of slow progression occurring 

with normal age of between -0.1 and -0.6 microns per year in RNFL loss36,45-

47. Since advanced cases tend to hit a ‘floor’ in RNFL thickness they were also 

not included in this study. A further limitation is that we were able to manually 

correct segmentation errors within the Spectralis software but could not apply 

this technique in Cirrus. Hood et al. have reported manually exporting images 

and using a program written in MATLAB to manually correct and measure 

thicknesses48,49, but we believed this step would not provide a practical 

comparison of the performance of the two systems as it is not readily 

available. 

 

Both devices include functions to compensate for patient movements, enable 

precise scan placement and accurately match to the baseline visit which is 

very important for longitudinal studies. However, one inter-device difference is 

that these functions are automated in Spectralis, whereas within Cirrus 

software they are turned on/off by the operator. This may result in exclusion of 

these functions from the acquisition, or they may be intentionally removed 

due to extended scan time and poorer patient compliance, which could 

affect the ultimate rates of change and confidence of the slope obtained. It 

should also be noted that our analysis included the central 6 x 6 grid region on 

the Spectralis GCL/IPL to more closely match the area tested by Cirrus, but 

this still represents a larger test area. 

 

In summary, despite baseline differences in GCL/IPL thicknesses, Cirrus and 

Spectralis provided similar progression rates for both RNFL and GCL/IPL in 

glaucoma and can be considered clinically comparable, though not 

interchangeable, for progression studies. Absolute rates of change and 
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percent change were generally faster on RNFL than GCL/IPL, but individual 

cases indicated that either layer could be showing greater change. Further 

analysis is needed to determine if RNFL progresses faster than GCL/IPL in 

glaucoma, and whether one precedes the other. 
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