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Abstract

Background: No data exist for the time period required for the conversion of healthy optic nerves to glaucomatous optic neuropathy 
(GON). It is not possible to predict which patients will develop glaucoma. Periodic screening of ONHs via nerve fiber layer (NFL) scans 
might allow for the early detection of GON.

Method: Retrospective chart review of patients who developed definitive unilateral (n = 18) or bilateral (n = 13) glaucoma to de-
termine time course for conversion to/discovery of GON, as corroborated by optic nerve head (ONH) evaluation, NFL scans, and 
automated visual field (VF) perimetry.

Results: Median time of conversion for this cohort was 7 years for unilateral and 8 years for bilateral GON.

Conclusion: Screening ONHs/NFL at five-year intervals may be adequate for the detection of new cases of GON in its early stages.
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Introduction
Glaucoma is now recognized as an optic neuropathy character-

ized by apoptosis of retinal ganglion cells (RGC) resulting in loss of 
the retinal nerve fiber layer (NFL, primarily composed of RGC ax-
ons), eventually yielding distinctive atrophic changes in the optic 
nerve head that result in corresponding visual field defects [1-3]. 
All of these components are part of and required for the diagno-
sis of glaucoma. This ophthalmic disease is incurable, irreversible 
and typically progressive, and the etiology for primary-open angle 
glaucoma (the most common form) remains unknown. Both con-
genital and adult-onset categories of glaucoma exist, with differ-
entiation into various primary and secondary forms; however, all 
types result in the final common clinical pathway leading to glau-
comatous optic neuropathy (GON).

Glaucoma is not a rare disease. The World Health Organization 
considers glaucoma to be the third most common source of vision 
impairment and blindness - trailing only refractive error and cata-
ract in numbers [4] (both highly treatable). Estimates for global 

prevalence in populations aged 40 - 80 fall between 1 - 4%, de-
pending on type of glaucoma and ethnicity [5].

The costs of glaucoma to society are high. In 2004, an estimated 
$2.9 billion was spent on direct costs of glaucoma in the US alone 
[6] - this does not include indirect expenditures and productivity 
losses. As financial burden increases with worsening disease sever-
ity [7], it becomes evident that earlier identification and interven-
tion is advantageous to patients’ quality of life as well as potentially 
reducing personal, family/caregiver and healthcare system eco-
nomic burdens [8].

Unlike most ophthalmic diseases, glaucoma remains asymptom-
atic to patients until late in the course of the disease. The first vis-
ible indication of glaucoma for clinicians is suspicious optic nerve 
head (ONH) morphology - specifically, an excavating optic disk cup-
ping [9] - interpreted clinically as enlargement of the cup-to-disk 
(c/d) ratio > 0.7 [10]. Vertical c/d ratio has higher diagnostic value 
than horizontal c/d ratio [11] and this correlates with the finding 
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that superior and inferior NFL defects are more often associated 
with GON [12]. In comparing eyes, a difference in c/d ratios of 0.2 
or more is present only 4% of the time [13] - with outliers serving 
as important markers for the identification of unilateral glaucoma. 
Unfortunately, evaluation of c/d ratios is subjective and occurs with 
variable intra- and inter-observer reproducibility with respect to 
ONH baseline characteristics, identification of glaucoma suspects, 
and in the detection of disease progression [14-18]. 

Fortunately, objective ONH and NFL evaluations with progres-
sion analysis are now possible via optical coherence tomography 
(OCT). This is critically important in the detection of glaucoma 
considering that RGC losses as determined by NFL thickness mea-
surements via OCT are highly correlated with glaucoma [19]. NFL 
defects outside statistical norms are recognized to be important in 
the diagnosis of early glaucoma [20] and precede visual field (VF) 
defects as evidenced by both NFL photography [21] and OCT data 
(Domanico I., et al. IOVS 2011;52:ARVO E-Abstract 5077). In fact - 
following the pathophysiological processes involved - NFL losses 
are required prior to the development of VF losses from glaucoma 
[22] and structural (NFL) defects must match functional (VF) loss-
es for definitive diagnosis. Thus, NFL and/or VF defects discovered 
when ONH appearance indicates a c/d ratio < 0.7 with normal NFL 
scans logically preclude classification as GON.

Although some NFL loss is expected with increasing age [23] the 
appearance of the ONH changes very little over time, with normal 
senescent changes (specifically, NFL loss through RGC death) pos-
sibly accounting for only a 0.1 increase in c/d ratio between ages 30 
and 70 [24] - an amount insufficient to be mistaken for glaucoma-
tous progression [25]. 

For primary open-angle glaucoma (POAG) there is a clear as-
sociation with age - a consistent finding across many population-
based studies among various ethnic groups [26,27] - and this form 
is rare in persons under the age of 40. Other forms of glaucoma 
(again, defined through ONH damage + NFL/VF loss) vary some-
what from POAG in their demographics. The average age for devel-
opment of angle-closure glaucoma is 60 [28]. Of the most common. 
secondary forms of open-angle glaucoma, pigmentary glaucoma is 
more often found in the 40s [29,30] median age for the diagnosis 
of traumatic glaucoma is 45 (although males 20 - 29 are in highest 
risk group) [31] pseudoexfoliation glaucoma is more common for 
patients in their 60s and 70s [32,33] and the development of uveit-
ic glaucoma may have no age predilection [34] presumably related 
to the underlying type of uveitis.

It should be emphasized, however, that for angle-closure and 
secondary open-angle forms of glaucoma, the associated findings - 

and patient symptoms in some cases - involve different risk stratifi-
cation regarding development of secondary GON although diligent 
practitioners are unlikely to miss these factors. 

Because there is currently no way to predict which patients will 
ultimately develop GON, the clinical challenge is in the identifica-
tion of new cases of glaucoma at the earliest stage possible. Eye 
providers need an objective way to screen individuals who were 
previously normal in order to provide a preliminary identification 
for a possible eye disease that is expensive, potentially visually 
significant, yet asymptomatic early in its course. Preferably, such a 
monitoring program would be an ongoing process throughout the 
periods of greatest incidence of glaucoma development.

The characteristics of an ideal screening program have been 
studied over the past 50 years (Table 1) [35,36]. ONH screening 
for the detection of asymptomatic glaucoma appears to meet these 
criteria. Despite limitations (patient cooperation during testing, 
degraded scan quality related to poor ocular surface or pupillary 
size, paradoxical results etc.) NFL scans via OCT have appropriate 
sensitivity, specificity and positive predictive value in the detection 
of GON [37] - especially for early disease [38,39] - and are repro-
ducible [40]. As a final note, it is crucial to remember that NFL test-
ing in and of itself is not a diagnostic test for GON; rather, it is part 
of a compendium of tests required to make the definitive diagnosis.

• The condition sought should be an important health prob-
lem.

• The epidemiology and natural history of the condition, 
including development from latent to declared disease, 
should be adequately understood.

• There should be a recognizable latent or early symptomatic 
stage.

• There should be a suitable test or examination.

• The test should be acceptable to the population - clinically, 
socially, ethically.

• There should be an agreed policy on whom to treat as pa-
tients.

• There should be an accepted treatment for patients with 
recognized disease and coordinated follow-up with an ex-
pected benefit.

• Facilities for diagnosis and treatment should be available.

• The cost of case-finding (including diagnosis and treatment 
of patients diagnosed) should be economically balanced in 
relation to possible expenditure on medical care as a whole.

• Case-finding should be a continuing process and not a “once 
and for all” project.

Table: Characteristics of a screening test [35].
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Clearly there is a clinical progression from a healthy to a dam-
aged ONH in glaucoma and it is equally apparent that not all indi-
viduals will go on to develop GON. To date there is no intraocular 
pressure-independent data available regarding the conversion of 
healthy ONHs to glaucoma. An indirect estimate for the time course 
of conversion can be made based on what is currently known about 
disease progression in patients known to have the disease.

One of the most important factors involved in glaucoma man-
agement is the concept of rate of progression [41]. Although vari-
ous forms of glaucoma can progress to marked visual disability, 
clinicians must bear in mind that this is not the most common out-
come, and that POAG is not expected to result in bilateral blind-
ness - even 13 - 16 years after the first definite VF losses [42]. The 
rate of progression of glaucomatous disease is typically assessed by 
VF decline - the surrogate marker for optic neuropathy. Consensus 
criteria for VF loss do not exist; however, it is instructive to note 
that two large clinical trials of VF progression in glaucoma (EMGT, 
CIGTS) reported VF progression over 6 - 8 years and not shorter 
periods of time [43,44]. 

VF deterioration for other glaucoma subtypes is limited (many 
reports remain biased by intraocular pressure criteria and not VF 
defects to make diagnosis); however, progression for angle-closure, 
pigmentary and exfoliative forms has been reported to take place 
over 6+ years [45] and 7 - 9 years for uveitic glaucoma [46,47]. In 
the angle-recession form of traumatic glaucoma VF losses were re-
ported over a 4-year period of follow-up [48].

Data on conversion from ocular hypertension is conflicting be-
tween the Ocular Hypertension Treatment Study [49] and the Eu-
ropean Glaucoma Prevention Study [50]; however, in the present 
context, it is important to notice that both studies were carried out 
over 5-year periods of time and not shorter follow-up intervals.

Considering that VF progression is generally slow after a defini-
tive diagnosis of POAG, what can be said about screening frequency 
for patients with normal ONHs - only a small fraction of which will 
go onto develop GON?

In practice, subjects at higher risk for the development of GON 
are often labelled glaucoma suspects, and then followed at shorter 
intervals between clinical re-examinations in order to determine 
whether conversion to clinically evident glaucoma has occurred. 
A glaucoma suspect has been defined as “an individual with clini-

cal findings and/or a constellation of risk factors that indicate an 
increased likelihood of developing primary open-angle glaucoma” 
[51]. However, this designation remains controversial [52] and 
there are no rigorous studies delineating specific clinical charac-
teristics to unequivocally distinguish this taxonomy. To further 
confound this issue, there is no ICD-10 designator for glaucoma 
suspect based on optic nerve morphology. Characterizing a patient 
as having “preglaucoma” is even less useful clinically, and a throw-
back to the days of intraocular pressure dogma [53]. 

A more accurate designator would be glaucoma suspect by 
ONHs or by ONHs/NFL defects, but this is only a temporary label 
until consistent NFL and VF testing can be obtained. In the event 
VFs are full or repeatably variable, other sources of optic neuropa-
thy should be explored. Normal NFL scans effectively rule out glau-
coma [54] indicating that the appearance of enlarged c/d ratios are 
a normal variation, or “physiological cupping of ONHs.” Although 
it has been suggested that there is no need to obtain NFL scans 
more often than once per year [54] even this interim may be too 
frequent.

Given that the time course for the development of NFL losses 
leading to GON and accompanying VF losses for the most common 
form of asymptomatic glaucoma occurs over the course of several 
years; that it is not currently possible to predict which patients 
will ultimately develop glaucoma of any form; and that NFL scans 
are now the most sensitive and specific way to detect early GON, 
at what intervals could ONHs be screened via NFL evaluation in 
order to detect glaucoma? There is no prospective data available to 
answer this important clinical question. 

Purpose of the Study
The purpose of this retrospective case series is to provide a pre-

liminary estimate to answer this question in order to set the stage 
for identifying a screening time frame for the purpose of detecting 
GON in its earliest phase.

Methods
All patients evaluated and other charts administratively re-

viewed by the author during a typical 6-month window (Septem-
ber 2019 through February 2020) were evaluated to determine 
the presence of a diagnosis of any form of glaucoma and whether 
progression could be determined - or discovered in the case of pa-
tients who had been previously diagnosed and then lost to follow-
up. ONH photos, Cirrus HD-OCT NFL scans, and Humphrey VF data 
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were reviewed for completion and cases with incomplete records 
or paradoxical results precluding decisive glaucoma diagnosis 
were excluded from review. 

Included patients had GON with c/d ratio > 0.7, marked repeat-
able NFL defects in one or both vertical quadrants, and correspond-
ing repeatable characteristic VF defects in one or both eyes. The 
algorithm for identification of GON is provided in figure 1 and a 
representative case with correlated clinical findings is presented in 
figure 2. Ages at the time of conversion/discovery, gender, type of 
glaucoma and eye(s) of regard were noted. For each of these cases, 
the elapsed time between non-glaucomatous ONH and conversion 
to/discovery of GON was determined via the change between full 
VFs and the development of repeatable scotomata consistent with 
ONH appearance and corresponding NFL losses.

Figure 1: Algorithm for the determination of glaucomatous optic 
neuropathy.

*: If reliable and consistent with ONH appearance

†: If reliable, with repeatable defects, and consistent with ONH 
appearance and NFL scans.

Abbreviations:  GON: Glaucomatous Optic Neuropath; NFL: Nerve 
Fiber Layer; ONH: Optic Nerve Head; VF: Visual Field.

Figure 2: Traumatic glaucoma OD in 65 year-old male. Within 
limits of patient testing reliability, visual field scotomata match 

nerve fiber layer defects and optic nerve head appearance.

As all clinicians are well-aware, there continue to be paradoxical 
results that defy a conclusive diagnosis of glaucoma. ONHs found 
with 0.5 c/d ratios can have unusual objective NFL defects, con-
founded by subjective non-corresponding VF defects (informally 
called “red disease” based on color-coding of NFL scans, Figure 
3). Likewise, 0.8 c/d ratios with entirely normal NFL scans create 
another source of confusion (colloquially referred to as “green dis-
ease”, Figure 4). These ambiguous cases were excluded from this 
review, as these findings may reflect various artifacts, or - if veri-
table - congenital defects or other subtle optic neuropathies.
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Figure 3: “Red Disease” in a 53 year-old male. Note non-corre-
spondence between NFL scans and HVFs.

Figure 4: “Green Disease” in an 81 year-old male. ONH evaluation 
would seem to predict NFL defects, yet NFLs remain intact.

Results
For the period of subject identification involved, complete in-

formation and unambiguous time frames for conversion/discovery 
were found for 18 unilateral and 13 bilateral subjects with glau-
coma. Only one female patient was identified in each group. Of the 
unilateral cases nine cases were found to be traumatic in origin, 
seven were unspecified open-angle glaucoma, and there was one 
each of pigmentary, and mixed-mechanism (trauma/ACG) glauco-

ma. The average age for these patients was 68 years with a range 
of 48 - 85, and the median time between conversion/discovery was 
seven years (vs a mean of nine years) with a range of 2 - 23 years. 
With respect to conversion/discovery times, median values were 
less likely to be skewed by outliers for this small sample size.

Of special note are the seven cases of unspecified open-angle 
glaucoma. It seems counterintuitive that there is such a clinical 
entity as “unilateral POAG” as this idiopathic pathophysiology ap-
pears to affect both eyes most of the time. In each of these cases, ev-
ery effort has been made to review history for ophthalmic surgical 
history, ocular trauma, and even consistent head positioning dur-
ing sleep, as well as to identify clinical findings associated with an-
gle closure and/or secondary forms of glaucoma (pigment disper-
sion, pseudoexfoliation, subtle signs of prior uveitis, etc). However, 
for these seven cases, there were no further clues to the source of 
unilaterality. This perplexing clinical situation is not novel [55,56] 
and remains inexplicable. 

Ten of the bilateral cases were POAG, two were mixed mech-
anism (phacomorphic/POAG vs POAG and traumatic/POAG vs 

24

How Often Should Healthy Optic Nerves be Scanned for the Development of Glaucomatous Optic Neuropathy?

Citation: Paul Varner. “How Often Should Healthy Optic Nerves be Scanned for the Development of Glaucomatous Optic Neuropathy?”. Acta Scientific 
Ophthalmology 3.10 (2020): 20-27.



POAG), and one was pigmentary glaucoma. The average age for 
these cases was also 68 years with a range of 41 to 91 and the 
median time between conversion/discovery was eight years (vs a 
mean of ten years) with a range of 3 - 28 years.

Discussion and Conclusion
Retrospective anecdotal findings for this small group of cases 

with known glaucoma give credence to the clinical intuition that 
the conversion from healthy optic nerves to GON is slow and occurs 
over a period of several years. A frequency screening threshold set 
at five years would have picked up 15/18 (83%) of these unilateral 
cases and 10/13 (80%) of patients (20/26 of eyes) in the bilateral 
group. Of the six patients that converted or were discovered in time 
periods < 5 years, only one of the unilateral patients was found to 
have < 20/20 vision when detected. In other words, GON was not 
the reason these patients were returning for follow-up ophthalmic 
care.

It may be quickly deduced that these results have a very clear 
application within the field of telemedicine. As teleretinal screen-
ing programs expand beyond searching for diabetic retinopathy, it 
seems that the addition of NFL scanning might be appropriate for 
selected ONH presentations. The integration of ONH photos/NFL 
scans via remote technology could be used to improve early detec-
tion of converters and to prevent unnecessary face-to-face screen-
ing appts that might require long travel distances for patients and 
create additional burdens on existing health care resources.

As with all screening programs, such an intervention is a matter 
of providing the right test for the right patients at the right place 
and at the right time. As a direct application, asymptomatic patients 
not receiving any eye care could be screened with standard retina/
ONH photo sets within the primary health care setting, starting at 
age 40. For negative initial screenings, then - in the absence of any 
visual, ocular discomfort or other ophthalmic symptoms - the im-
aging protocol could be repeated at five-year intervals.

For those patients found to have c/d ratios > 0.7, additional NFL 
scans could be obtained remotely. Positive screenings based on 
pre-set ONH/NFL criteria would be followed up with face-to-face 
eye examination, presumably including automated perimetry, with 
subsequent follow-up determined by the amalgam of those find-
ings. Special attention would be required to identify false positives 
and to uncover missed, false negatives to refine the procedure. Ob-
viously, society and payors must balance cost of screening versus 
yield for frequency. 

These preliminary, anecdotal findings must be confirmed with 
solid prospective data; however, these preliminary findings sug-
gest every 5 years would be adequate in detecting new cases of 
GON in the early stages.
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