
Effect of Trabeculectomy on OCT Measurements of the Optic 
Nerve Head Neuroretinal Rim Tissue

Facundo G. Sanchez, MD1, David S. Sanders, MD, MPH1, Jessica J. Moon, MD1, Stuart K. 
Gardiner, PhD1, Juan Reynaud, MScE1, Brad Fortune, OD PhD1, Steven L. Mansberger, MD, 
MPH1,*

1.Legacy Devers Eye Institute, Portland, OR, United States

Abstract

Purpose: Ophthalmologists commonly perform glaucoma surgery to treat progressive glaucoma. 

Few studies have examined the stability of OCT neuroretinal rim parameters after glaucoma 

surgery for ongoing detection of glaucoma progression.

Design: Longitudinal cohort study.

Participants: 20 eyes (16 subjects) with primary open angle glaucoma who had undergone a 

trabeculectomy.

Methods: We calculated the change in OCT parameters (minimum rim area (MRA), minimum 

rim width (MRW), Bruch’s membrane opening (BMO) area, mean cup depth (MCD), anterior 

lamina cribrosa surface depth (ALCSD), prelaminar tissue thickness (PLTT), retinal nerve fiber 

layer thickness (RFNLT) during an interval from the visit before the surgery to the visit after the 

surgery, a span of approximately 6-months. We also calculated changes in the same eyes over two 

separate 6-month intervals that did not contain trabeculectomy to serve as control. We compared 

these intervals using a generalized linear model (with compound symmetry correlation structure), 

accounting for the correlation between time intervals for the same eye.

Main outcomes measures: MRW, MRA, angle above the reference plane for MRW and 

MRA, BMO area, MCD, mean ALCSD, PLTT, RNFLT and visual field parameters (mean 

deviation (MD), pattern standard deviation (PSD), and visual field index (VFI)).

Results: The intervals containing trabeculectomy showed a significant decrease in intraocular 

pressure (−9.2 mmHg, p<.001) when compared to control intervals. Likewise, the following 

neuroretinal rim parameters showed significant changes with trabeculectomy: increased MRW 

(+6.04μm, p=.001), increased MRA (+0.014mm2, p=.024), increased angle above reference plane 

of MRW (+2.64°, p<.001), decreased MCD (−11.6μm, p=.007), and decreased mean ALCSD 

(−18.91μm, p=.006). This is consistent with an increase in rim tissue thickness and a more anterior 
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position of the ILM and ALCS relative to the BMO plane. Conversely, RNFLT change was not 

significantly different between trabeculectomy and control intervals (p=.37).

Conclusion: Trabeculectomy resulted in anatomical changes to the ONH rim associated with 

reduced glaucomatous cupping. The RNFL thickness may be a more stable measure of disease 

progression that clinicians can use to monitor across time intervals containing glaucoma surgery.

Précis:

IOP reduction after trabeculectomy was associated with a significant improvement in OCT-based 

optic nerve head rim parameters, which correspond to reduced “cupping”.
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Introduction

Ophthalmologists perform glaucoma surgery to lower the intraocular pressure (IOP) in 

progressive glaucoma.1,2 IOP lowering creates dynamic changes in the anatomy of the optic 

nerve head (ONH).3-14 These dynamic changes include thickening of the neuroretinal rim as 

demonstrated by stereoscopic disc photography and confocal scanning laser 

ophthalmoscopy.5,6,11-15 Optical coherence tomography (OCT) enables three dimensional 

(3D) quantification of optic nerve head structures and has demonstrated decreased lamina 

cribrosa depth and increased lamina cribrosa thickness after trabeculectomy.8-10 After 

trabeculectomy, OCT has demonstrated variable results in retinal nerve fiber layer (RNFL) 

thickness with RNFL thickening3 or no significant RNFL thickness change.4,16,17 A pair of 

recent studies used an OCT-derived -Bruch’s membrane opening (BMO) - to quantify the 

optic nerve head rim tissue parameters of minimum rim width (MRW) and minimum rim 

area (MRA) and showed that both increased significantly after trabeculectomy16 and ab-

interno trabeculectomy.17 However, those studies did not evaluate lamina cribrosa depth or 

prelaminar tissue thickness parameters.

We sought to perform a comprehensive assessment of optic nerve head structural 

conformational changes resulting from trabeculectomy using OCT. Our study is also the first 

such comprehensive study to include all of these OCT-derived optic nerve head parameters 

(Table 1) and to incorporate intra-subject control intervals in the study design. Clinicians and 

researchers can use the results of this study to understand the fundamental changes in optic 

disc anatomy that occur with IOP lowering resulting from glaucoma surgery, and to evaluate 

OCT-based optic nerve head measurements before and after glaucoma surgery for ongoing 

assessment for progressive glaucoma.

Methods

Subjects:

We included participants enrolled in the ongoing, prospective Portland Progression Project 

at Legacy Devers Eye Institute (Portland, Oregon). The Legacy Health Institutional Review 
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Board (Portland, OR) approved and monitored the study. Participants provided written 

informed consent before undergoing any study-related testing. All aspects of the study 

adhered to the tenets of the Declaration of Helsinki.

At enrollment, participants had optic discs suspicious for glaucoma (i.e., large cup-to-disc 

ratio, cup-to-disc asymmetry ≥0.2 between eyes, history of disc hemorrhage, rim notching, 

and nerve fiber layer thinning or defect); ocular hypertension (i.e., untreated intraocular 

pressure ≥22 mmHg on ≥2 occasions); and ≥1 additional risk factor for glaucoma (e.g., first-

degree family history of primary open-angle glaucoma).18 Exclusion criteria at study entry 

included participants with visual acuity worse than 20/40 or other ocular conditions that 

could affect visual acuity or visual fields.18 These features were necessary for initial 

enrollment in the Portland Progression Project (P3) study. However, all patients in this paper 

ultimately progressed, manifesting uncontrolled glaucoma requiring trabeculectomy. They 

were tested every six months with a series of tests including visual acuity, tonometry, 

standard automated perimetry, and OCT scans.18

We retrospectively identified 20 eyes from 16 participants who underwent trabeculectomy 

for failure to achieve target IOP. Eighteen (18/20, 90%) had a primary trabeculectomy and 2 

eyes (2/20, 10%) had a repeat trabeculectomy at a second site occurring 18 and 26 years 

after their initial surgery, respectively. Experienced glaucoma specialists performed fornix-

based trabeculectomy in all of these eyes.

Data acquisition:

The patients performed perimetry using a standard protocol (Humphrey Field Analyzer, 

SITA standard algorithm, Size III stimulus, 24-2 test pattern, Carl Zeiss Meditec, Dublin, 

CA). Trained operators used a spectral domain OCT to obtain peripapillary RNFL thickness 

measurements (Spectralis, Heidelberg Engineering, Heidelberg, Germany). Briefly, the 

operator centered the standard circumpapillary scan on the optic nerve head and focused 

images to maximize clarity. Each circle scan included 1536 A-scans at a radius of 6 degrees 

from the center of the optic nerve head. The final image was the average of 9 collected 

sweeps obtained with real-time eye-tracking. Next, the operators used the Heidelberg Eye 

Explorer Software tool (Software version 5.6.1.0, Heidelberg Engineering, Heidelberg, 

Germany) to achieve an accurate delineation of the anterior RNFL boundary (between the 

vitreous and the internal limiting membrane) and the posterior boundary of the RNFL 19 

(between the RNFL and the ganglion cell layer) when there were obvious errors in the 

automated results.20,21 Then, all B-scans using these manually refined segmentation data 

were exported in the ‘align’ mode for subsequent offline analysis. Average RNFL thickness 

was computed from the 1536 samples (one per A-line) along the circumpapillary B-scan.

On the same visit, the operator used the OCT to capture 24 radial B-scans (spaced every 7.5 

degrees) centered on the optic nerve head. Raw data were exported from the instrument for 

subsequent B-scan image segmentation and 3D morphometric quantifications performed 

using custom software, as follows. Three investigators (JM, FS, DSS), masked to time point, 

manually marked the positions of the internal limiting membrane (ILM) and the pair of 

Bruch’s membrane opening (BMO) points on each B-scan. The investigators completed the 

marking individually. They did not mark features when unclear (e.g., when completely 
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obscured by shadowing from the major blood vessels). A separate investigator (BF), also 

masked to time point, adjudicated any discrepancies in marks in consultation with the initial 

grader(s). These marks were used to calculate the minimum rim width (MRW) and the 

minimum rim area (MRA).3 MRW represents the minimum distance from the inner opening 

of the BMO to the internal limiting membrane (ILM) through which optic nerve axons must 

pass; MRA represents the minimum area. The angle of the vectors defining MRW and MRA 

(i.e., the angles above the reference plane at which these minima occurred, averaged across 

B-scans) were also tabulated.22 In similar fashion, investigators also manually marked the 

anterior lamina cribrosa surface in four B-scans (i.e., every 45 degrees, radially). If reduced 

image quality prevented measurement on the exact 45-degree meridian, then the researchers 

measured at the next sequential scan. This methodology solved the vast majority of such 

cases. Using the latter segmentation, we computed mean anterior lamina cribrosa surface 

depth (ALCSD) relative to the 3D reference plane fit to the BMO; mean cup depth (MCD), 

defined as the average depth of the ILM within the ONH below a plane fit to the ring of ILM 

points directly above or just inside BMO; and prelaminar tissue thickness (PLTT), defined as 

the perpendicular distance from ALCS to the point of intersection with ILM (the value 

reported is the average perpendicular distance from B-scans containing anterior lamina 

cribrosa surface markings). All parameters were analyzed and reported as global averages 

(i.e., using all available samples from each OCT scan; 48 samples for MRW and MRA, 1536 

for RNFLT, etc.).

All OCT scans were acquired in follow-up mode using the instrument’s real-time eye 

tracking algorithm to ensure that all B-scans were captured at the same location as the first 

scan in the series.

Data Analysis:

We used R (www.R-project.org, version 3.5.0) to perform all analyses. Data were analyzed 

as global average values of RNFL thickness and ONH rim parameters for each eye and time 

point. We compared the change in IOP, RNFL thickness, MRA, MRW, MCD, ALCSD, 

PLTT, visual field indices (mean deviation (MD), pattern standard deviation (PSD), and 

visual field index (VFI)) as well as parameters thought to be stable in progressive glaucoma 

(e.g. BMO area) from the visit before the surgery to the visit after the surgery. We identified 

two additional time intervals (comprising four separate visit dates total) that did not have any 

surgical (or other) interventions to serve as the ‘control intervals’. Each of these control 

intervals spanned a similar time period of approximately 6 months; and were used to account 

for changes from aging and/or glaucoma progression within that eye. The main outcome was 

the difference in changes determined within the trabeculectomy interval compared to 

changes determined from the control intervals. These were compared using a generalized 

linear model. We used a compound symmetry correlation structure to adjust for the inclusion 

of multiple visits for each eye and the correlation between eyes of a particular subject (as 

both eyes were included for 4/16 participants).
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Results

Table 2 lists the baseline characteristics of the participants. Participants had open angle 

glaucoma with an average mean deviation on visual field testing of −4.9 ± 3.7 dB, a mean 

IOP of 20.3 ± 4.4 mmHg and a mean preoperative number of medications of 2.1 (median 2, 

range 1 to 3). The average central corneal thickness was 538.9 ± 33.9 μm. The mean 

baseline global average RNFL thickness was 64.4 ± 11.5 μm. The mean duration of the 

trabeculectomy intervals was 8.6 months (median 7.5, range 4.9-23.2 months). The period of 

time between the preoperative OCT and the surgery had a mean, range, and IQR of 73.6, 

13-164 and 55 days, respectively. The period of time between the postoperative OCT and the 

surgery had a mean, range and IQR of 189.9, 79-640 and 132 days, respectively. For the 

control intervals, the mean duration was 6.3 months (median 6.3, range 4.2-8.2 months). 

72.7% and 27.3% of the control intervals were dates prior and after surgery, respectively.

The first column of Table 3 lists the change for each OCT parameter that occurred within the 

interval containing trabeculectomy. After trabeculectomy, IOP decreased an average of 9.2 

mmHg (p<.001) from the preoperative IOP. The mean number of medications decreased to 

0.5 (median 0, range 0 to 3, p<.001). Peripapillary RNFL thickness decreased significantly 

from zero (by an average value of −2.01 μm, p=.033). The angle above the reference plane 

of MRW increased significantly from zero (+2.64 degrees, p=.005). Changes in MRW 

(+6.04 μm, p=.057), MRA (+0.014 mm2, p=.283), angle above the reference plane of MRA 

(+1.16 °, p=.133), BMO area (−0.034 mm2, p=.126), MCD (−11.6 μm, p=.057), mean 

ALCSD (−18.91 μm, p=.059) and PLTT (+13.2 μm, p=.179) did not differ significantly from 

zero. Finally, the visual field indices (MD, PSD, and VFI) did not exhibit any significant 

change during the interval containing trabeculectomy (p>.1 for all).

The second column of Table 3 reports change in these parameters observed during the 

control intervals (i.e. not containing trabeculectomy) and the p-values listed in the that 

column refer to the probability that each change is different from zero.

P-values in the third column represent the statistical significance of the difference between 

the magnitude of change observed in the interval containing trabeculectomy versus the 

magnitude of change observed in the control intervals. When comparing these differences, 

MRW and MRA were both significantly more positive (p=.001 and .024, respectively); 

while ALCSD and MCD were both significantly more negative (i.e. the lamina surface and 

the ILM became less deep) (p=.006 and .007, respectively) after trabeculectomy as 

compared to control. PLTT followed a similar pattern but did not achieve statistical 

significance. This pattern overall is consistent with an increase in rim tissue thickness and a 

more anterior position of the ILM and ALCS relative to the BMO plane. MRW angle 

differed significantly (p<.001) between trabeculectomy and control intervals, while that of 

MRA angle did not reach statistical significance (p=.113). The magnitude of peripapillary 

RNFL thickness change in the trabeculectomy interval was not significantly different from 

the change observed in the control intervals (p=.459). This suggests that RNFL thinning 

occurred in both intervals and with similar magnitudes.
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In the time intervals containing trabeculectomy, no statistically significant associations were 

found between the magnitude of IOP reduction and the amount of change in any of the 

parameters (p>.05 for all). Two patients had hypotony (IOP≤6mmHg) the day after surgery, 

and four had a postoperative IOP spike ≥5 mmHg. However, there were no cases in which 

these persisted on the date at which postoperative OCT was obtained.

In those cases where control intervals were obtained after trabeculectomy, there was no 

significant difference in the amount of change in any OCT parameter compared to cases in 

which control intervals were obtained before surgery; all parameters had p>.1.

Discussion

We hypothesized that trabeculectomy would alter the optic nerve head rim tissue parameters 

in a manner favorable to ameliorate glaucomatous structural deformation. We sought to 

study this because clinicians and researchers may use this information to understand the 

fundamental changes in optic nerve head anatomy that occur with IOP lowering resulting 

from glaucoma surgery; and to evaluate OCT based optic disc measurements before and 

after glaucoma surgery for ongoing progression of glaucoma. This study had several key 

findings: in the intervals containing trabeculectomy (versus those that did not), 1) the optic 

nerve head thickness measurements of MRW and MRA increased, 2) ALCSD and MCD 

decreased, and 3) there was no difference in RNFL thickness change.

Trabeculectomy affects the minimum rim width (MRW) and minimum rim area (MRA). We 

found that MRW and MRA decreased during the control intervals not containing 

trabeculectomy, consistent with glaucomatous progression of neuroretinal rim thinning 

and/or aging. After trabeculectomy and successful IOP lowering, the MRW and MRA 

significantly increased compared to the control intervals. In other words, we noted improved 

anatomic configuration (less deformation) with IOP lowering in glaucomatous eyes. Gietzelt 

et al. also found a significant increase in MRW and MRA post-trabeculectomy compared to 

baseline, up to 1 year follow-up (p=.010 and .034, respectively).16

Prior research has attempted to evaluate the clinical utility of these parameters. The MRW 

and MRA have been characterized as more anatomically accurate measurements of the optic 

nerve head 23,24; this may indicate they are more anatomically susceptible to deformational 

changes from IOP fluctuations.16 Sharma and colleagues 25 found that an acute IOP 

elevation in glaucomatous eyes created a reduction in the MRW; this same phenomenon was 

not seen in normal eyes. Our findings similarly show that MRW and MRA may be more 

mechanically susceptible to reversal of deformation of ONH connective tissues (secondary 

to relief of compressive and stretch forces on the neuroretinal rim tissue) that have little 

influence on the peripapillary RNFL at a distance from the ONH.

A previous study from our group published results looking at the angle at which the MRW 

and MRA occur in monkey eyes with induced chronic intraocular pressure elevations.22 In 

this prior study, the eyes prior to the IOP elevation had shallow cups with larger MRW and 

MRA angles closer to ‘vertical’. After chronic IOP elevation, the angles decreased and 

became more ‘horizontal’ as the optic nerve head became cupped. Our study findings are 
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consistent with these previous observations. Prior to the trabeculectomy, the subjects had 

cupped nerves with smaller values for these (i.e. more horizontal) angles, but after 

trabeculectomy these angles increased and became more ‘vertical’.

The MRW and MRA increase after trabeculectomy were accompanied by a decrease in 

MCD and ALCSD, creating the clinical impression of reduced optic nerve head deformation 

(less ‘cupping’). These findings are in line with observations published by Lee et al, who 

reported a significant reduction in the posterior displacement of the lamina cribrosa and an 

increase in the prelaminar tissue following glaucoma surgery, using enhanced depth imaging 

SD-OCT of the optic nerve head.8-10 Further research will determine the amount of increase 

in neuroretinal rim parameters associated with stable glaucoma after glaucoma interventions.

The RNFL thinned in the trabeculectomy interval to an extent similar to that of the intervals 

not containing surgery. This result likely reflects disease progression rather than an effect of 

the surgery and has been previously reported.16,17 However, this result contradicts other 

prior studies that demonstrated an increase in the RNFL thickness after surgery to lower 

IOP.3,26 It is important to note that the study by Yamada et al is limited due to the use of a 

scanning laser polarimeter to measure the RNFL without correction for the corneal 

polarization axis,27 which may have been altered by surgery. Our data also contradicts 

findings reported in 2002 by Aydin et al,3 who used a noncommercial prototype OCT device 

with lower resolution.

Our data does support more recent studies that evaluated RNFL changes on OCT, including 

findings reported by Chang et al from 2007.4 This group used a Stratus OCT and found no 

significant change in the RNFL thickness after IOP reduction by either medical or surgical 

methods. They examined 21 eyes of which 8 had IOP reduction with eye drops only while 

the rest received a trabeculectomy or tube shunt placement. They did not find any RNFL 

thickness difference after trabeculectomy. Our analysis showed there was a decrease in the 

RNFL thickness after trabeculectomy, but after comparing the change during the 

trabeculectomy interval against the control intervals in the same eyes, we found no 

differences. Thus, it is possible that this decrease in RNFL thickness would have occurred 

because of continued glaucoma progression and/or aging rather than as a result of the 

trabeculectomy itself. This is consistent with results of experiments conducted under 

controlled laboratory conditions using manometry, which indicate that RNFL thickness is 

unaffected by acute IOP level at the distance away from the optic nerve head where it is 

typically measured using a circumpapillary B-scan (1.7 mm from the center of the optic 

nerve head).28 We also limited our selection of participants to those who underwent 

trabeculectomy, given its ability to consistently yield lower pressures compared with 

medications alone.

Our study included two eyes undergoing their second trabeculectomy. The first case showed 

the same pattern as the aggregate results reported for the group, while the data for the second 

case were not as clear, arguably because there was not much difference between the 

trabeculectomy interval and the other two control intervals for that eye. However, with just 

two such eyes, we cannot draw any firm conclusions about the generalizability of this.
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Lastly, our study looked at the short-term changes in the visual field parameters after a 

trabeculectomy. There was no significant change in the mean deviation, pattern standard 

deviation, or the visual field index. This contradicts prior studies showing improvement in 

visual field parameters after trabeculectomy.29-32 These previous studies had longer follow-

up while our study included only 8.6 months between visual fields. This is a potential 

limitation since longer follow-up may have yielded significant visual field changes but our 

study was focused on the optic nerve head anatomical changes revealed by OCT scans.

Our study was underpowered to perform sub-analyses to determine the effect of the 

magnitude of IOP reduction on ONH parameters. Future studies with a larger sample size 

may reveal these associations. Finally, in one third of the cases, control OCT images were 

not available for a time period prior to surgery (so that both control intervals for these eyes 

occurred after surgery). However, we think that the results are nonetheless robust because 

sub-analyses showed there were no significant differences in the amount of change in any 

OCT parameter between those control intervals that were before surgery versus control 

intervals that were after trabeculectomy; all parameters had p>0.1.

In summary, this study examined the effects of IOP-lowering by trabeculectomy on a 

comprehensive set of OCT parameters in patients with open-angle glaucoma. We found that 

optic nerve head rim tissue thickness measurements, including the minimum rim width and 

minimum rim area were increased (improved) following trabeculectomy and lamina cribrosa 

depth and mean cup depth were decreased (improved) following trabeculectomy. We found 

that RNFL thickness was not significantly affected by lowered pressure in the setting of 

trabeculectomy. RNFL thickness may be a more stable measure of disease progression that 

can be monitored across time intervals containing glaucoma surgery.
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Figure 1. 
OCT radial scans of the ONH illustrating changes in MRW, MCD and ALCSD between pre- 

and post-trabeculectomy scans. 1a: B-scan from the timepoint preceding trabeculectomy. 

1b: B-scan from the timepoint following trabeculectomy. 1c: 3D reconstruction of ILM, 

BMO, MRW and ALCS pre-trabeculectomy. 1d: 3D reconstruction of ILM, BMO, MRW 

and ALCS post-trabeculectomy. There is a statistically significant improvement in all these 

ONH parameters which corresponds to a clinical impression of reduced "cupping". Yellow 

lines: ILM; red dots: BMO; light blue lines: anterior lamina cribrosa surface; green lines: 

MRW.

MCD: mean cup depth; ALCS: anterior lamina cribrosa surface; ALCSD: anterior lamina 

cribrosa surface depth; MRW: minimum rim width. BMO: Bruch's membrane opening.
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Table 2.
Baseline characteristics of participants.

Parameter Mean (SD or %), range

N of eyes (N of patients) 20 (16)

Age 66.38 (9.27), 46 to 80

Gender

Female 7 (43.8%)

Race

Caucasian 16 (100%)

Intraocular pressure (mmHg) 20.3 (4.4), 14 to 29

Preoperative N of glaucoma medications (total N of drugs) 2.1, 1 to 3

Central Corneal Thickness (μm) 538.9 (33.9), 471 to 617

Retinal Nerve Fiber Layer Thickness (μm) 64.4 (11.5), 47 to 95

Minimum Rim Width (μm) 178.0 (44.5), 106 to 268

Minimum Rim Area (mm2) 0.767 (0.179), 0.50 to 1.15

Angle above reference plane of Minimum Rim Width (°) 41.8 (11.5), 20 to 60

Angle above reference plane of Minimum Rim Area (°) 35.8 (7.9), 20 to 47

Bruch’s Membrane Opening Area (mm2) 1.84 (0.32), 1.0 to 2.4

Mean Deviation (dB) −4.9 (3.70), −0.7 to −13.0

Pattern Standard Deviation (dB) 6.91 (4.33), 1.7 to 15.2

Visual Field Index (%) 85.1 (12.6), 61 to 99

Baseline values belong to the first time point of the interval that contains trabeculectomy.

In those patients who have had more than one surgery, the age listed is the age at the time of the first surgery.

SD = standard deviation.
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Table 3.
Change in IOP and ONH characteristics of participants with and without trabeculectomy.

One-time interval contained the trabeculectomy (with optical coherence tomography measurements prior to 

and following the surgery). Two time intervals did not contain the trabeculectomy.

Change during interval
containing trabeculectomy
(95% CI)

Change during intervals
not containing
trabeculectomy (95% CI)

P-value comparing
intervals with and
without
trabeculectomy

Intraocular pressure (mmHg) −9.2 (−11.7 to −6.8)
p < 0.001

+0.2 (−1.1 to +1.4)
p = 0.814

<0.001

Retinal Nerve Fiber Layer Thickness (μm) −2.01 (−3.72 to −0.29)
p = 0.033

−0.74 (−1.64 to +0.17)
p = 0.119

.375

Minimum Rim Width (μm) +6.04 (+0.2 to +11.9)
p = 0.057

−4.43 (−7.38 to −1.47)
p = 0.006

0.001

Minimum Rim Area (mm2) +0.014 (−0.011 to +0.040)
p = 0.283

−0.021 (−0.043 to +0.002)
p = 0.083

0.024

Angle above reference plane of Minimum Rim Width (°) +2.64 (+1.00 to +4.29)
p = 0.005

−0.74 (−1.53 to +0.04)
p = 0.072

<0.001

Angle above reference plane of Minimum Rim Area (°) +1.16 (−0.29 to +2.61)
p = 0.133

−0.19 (−0.99 to +0.62)
p = 0.656

0.113

Bruch’s Membrane Opening Area (mm2) −0.034 (−0.075 to +0.008)
p = 0.126

−0.01 (−0.05 to +0.03)
p = 0.625

0.292

Mean Cup Depth (μm) −11.6 (−22.8 to −0.4)
p = 0.057

−1.0 (−3.3 to +1.3)
p = 0.411

0.007

Mean Anterior Lamina Cribrosa Surface Depth (μm) −18.91 (−37.38 to −0.43)
p = 0.059

−0.02 (−5.24 to +5.20)
p = 0.995

0.006

Prelaminar Tissue Thickness (μm) 13.2 (−5.4 to +31.9)
p = 0.179

−5.5 (−16.1 to +5.1)
p = 0.319

0.131

Mean Deviation (dB) −0.26 (−0.98 to +0.45)
p = 0.478

−0.22 (−0.80 to +0.36)
p = 0.459

0.972

Pattern Standard
Deviation (dB)

−0.2 (−1.1 to +0.7)
p = 0.633

+0.4 (+0.0 to +0.7)
p = 0.042

0.150

Visual Field Index (%) −0.9 (−3.2 to +1.4)
p = 0.445

−0.2 (−1.9 to +1.5)
p = 0.823

0.661

Confidence intervals and p-values are from generalized least squares models adjusting for the presence of multiple time points and fellow eyes. P-
values in the first two columns represent the significance of the change against zero.
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