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INTRODUCTION

A widely agreed upon definition of glaucoma with clear diagnostic criteria to classify disease
presence and status remains elusive in both clinical and research settings. For decades, the diagnosis
of glaucoma was primarily based on documenting visual field changes through static or kinetic
perimetry and correlating these findings with structural changes at the optic nerve head (1, 2).
Recently, the 10th World Glaucoma Association (WGA) Consensus Meeting supported the use of
optic nerve structural endpoints alone to provide sufficient information for a diagnosis of glaucoma,
even in the absence of visual field changes, a state termed pre-perimetric glaucoma (3). TheNational
Institute for Health and Care Excellence (NICE), the national body tasked with issuing clinical
guidelines for England and Wales, does not provide strict criteria to diagnose glaucoma (4). There
is scarce guidance on criteria to definitively diagnose glaucomawhich leads to difficulties in research
efforts focused on phenotyping ocular imaging/diagnostic data as a first step toward identifying and
predicting disease to enhance clinical care.

LANDMARK TRIALS IN GLAUCOMA

The field of glaucoma has the second largest number of published randomized controlled trials
in all of ophthalmology, the majority of which evaluate glaucoma treatments (5, 6). Landmark
randomized controlled trials have shaped the practice of glaucoma care and are commonly used
to teach medical learners the basics of treating patients with suspected or diagnosed glaucomatous
optic neuropathy (7–10). While it is clear that these trials have provided a wealth of information
for practical patient care, the added benefit of these data sets is the ability to mine information
that can guide the planning of future studies. This can take the form of feeding large labeled data
sets into novel machine learning algorithms which potentially can produce new findings to inform
patient care (11, 12). The large data sets from previous landmark trials are often published in top
tier journals and receive a great deal of attention. However, the building blocks of these studies;
includingmethodologies, patient selection criteria and diagnostic operating procedures, are usually
published in a separate document and receive less rigorous attention (1, 2, 13). The aim of this brief
report is to clarify the diagnostic criteria used by landmark glaucoma trials with a focus on design
and methodology.

We reviewed diagnostic criteria used by landmark glaucoma clinical trials commonly cited in
ophthalmic textbooks and review articles (7–10). We also supplemented the mentioned trials by
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TABLE 1 | Landmark glaucoma clinical trials and each of the functional, structural, and intraocular pressure criteria used in glaucoma diagnosis or enrollment.

Trial Year IOP (mmHg)

criteria

Visual field criteria Structural criteria

The Glaucoma Laser Trial (GLT) (1) 1991 >21 Glaucomatous visual field defect/deterioration on

Program 32 (1)

None

≥27 - cup/disc ratio disparity ≥0.3

≥31 - cup/disc ratio ≥0.8

The Advanced Glaucoma Intervention

Study (AGIS) (2)

1994 >21 Visual field defect score of at least (25) -

17–21 Visual field deterioration Disc rim deterioration

Collaborative Normal-Tension

Glaucoma Study (CNTGS) (19)

1998 ≤24* Glaucomatous visual field defect/deterioration on

Program 32 (19)

Glaucomatous disc judged by

physicians

The Collaborative Initial Glaucoma

Treatment Study (CIGTS) (13)

1999 ≥20 At least three contiguous points on the total deviation

probability plot at the <2% level and a Glaucoma

Hemifield Test result that is “outside normal limits,” (25)

Glaucomatous optic disc

20–26 At least two contiguous points in the same hemifield on

the total deviation probability plot at the <2% level (25)

Glaucomatous optic disc

≥27 - Glaucomatous optic disc

Ocular Hypertension Treatment Study

(OHTS) (20)

1999 ≥24 and

≤32*

Corrected pattern standard deviation <0.05 OR

glaucoma hemifield test outside normal limits (26)

-

- Stereoscopic optic disc photographs

showing a change in the position of

vessels (greater than expected by eye

movement), development of notch,

pit, or development of thinning or

pallor in the neural rim.

Early Manifest Glaucoma Trial (EMGT)

(21)

1999 <30* Glaucoma hemifield test outside normal limits (26) -

Glaucoma hemifield test borderline (26) Glaucomatous optic disc features

correspond to visual field

The European Glaucoma Prevention

Study (EGPS) (22)

2002 >21 to ≤29* Deterioration from baseline (22) -

- Deterioration from baseline

Low-Pressure Glaucoma Treatment

Study (LoGTS) (23)

2005 ≤21* At least 3 contiguous points depressed more than 8

decibels or 2 contiguous points depressed more than 10

decibels (23)

Glaucomatous optic disc consistent

with visual field

UK Glaucoma Treatment Study

(UKGTS) (18)

2013 <30* Reduction in sensitivity at 2 or more contiguous points

with P < 0.01 loss or more, 3 or more contiguous points

with P < 0.05 loss or more, or a 10-dB difference across

the nasal horizontal midline at 2 or more adjacent points

in the total deviation plot (27).

Cup-to-disc ratio of ≥0.7, focal

narrowing of the neural rim, or both

*These intraocular pressure thresholds were used for enrollment, rather than for establishing the diagnosis.

an advanced PubMed search for design and methodology articles
published for glaucoma clinical trials where we used the following
search strategy:

((Design[Title]) OR (Method[Title])) AND (Glaucoma
[Title])

We included trials that were concerned mainly with open
angle glaucoma, as this represents themajority of the effort in this
space. Studies that had design protocols published in a separate
“design and methodology” article were of particular interest.

Fourteen trials were identified in our assessment, however,
five of them were surgical trials focused on outcome comparisons
and used criteria previously utilized in larger randomized clinical
trials (14–18). As a result, we focused on nine clinical trials
(1, 2, 13, 19–24). Glaucoma diagnosis was based on one or more

of the following criteria: functional criteria in terms of visual field
performance, structural criteria in terms of optic disc features,
and/or intraocular pressure (IOP). Table 1 details the specific
glaucoma diagnostic criteria adopted by each of the landmark
clinical trials. Visual field criterion was a pre-requisite diagnostic

criterion for most clinical trials, although they varied in their
definition for what qualified as a glaucomatous visual field
(1, 13, 19, 22, 23, 25, 26). The Glaucoma Laser Trial (GLT) and
the Collaborative Initial Glaucoma Treatment Study (CIGTS)
did not require visual fields for patients with an IOP of 27 or
higher, where only structural evidence of glaucomatous optic
disc damage was required (1, 13). More recent trials, including
the European Glaucoma Prevention Study (EGPS) (22), Low-
Pressure Glaucoma Treatment Study (LoGTS) (23), and UK
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FIGURE 1 | Flow chart of the different combinations from the three glaucoma diagnostic facets (functional, structural, and intraocular pressure) as they relate to the

major clinical trials in glaucoma. GLT, The Glaucoma Laser Trial; AGIS, The Advanced Glaucoma Intervention Study; CNTGS, Collaborative Normal-Tension Glaucoma

Study; OHTS, Ocular Hypertension Treatment Study; EMGT, Early Manifest Glaucoma Trial; EGPS, The European Glaucoma Prevention Study; LoGTS, Low-Pressure

Glaucoma Treatment Study; UKGTS, UK Glaucoma Treatment Study.

Glaucoma Treatment Study (UKGTS) (18), required structural
glaucomatous features and/or visual field glaucomatous
features. Figure 1 shows how the different combinations of
functional, structural and IOP criteria were utilized across
these studies.

DISCUSSION

Detailing the presence and/or progression of glaucomatous
optic neuropathy is based on the functional and structural
characteristics of the optic nerve, relying on the combination
of both subjective and objective data obtained from clinical
examination and output from various diagnostic modalities.
While large randomized clinical trials have provided insights
into the treatment of glaucoma, the criteria used for enrollment
and interventions in each trial are disparate, making application
of findings in the clinical setting difficult at best. With
the emergence of artificial intelligence and machine learning
techniques that seek to decipher new learnings from these large
datasets, a deep and nuanced understanding of the designs
and methodologies used is key to unlocking even more data

to enhance patient care. We have provided an overview of
diagnostic criteria used in landmark randomized controlled
trials of open angle glaucoma. These criteria differ in the
diagnostic weight placed on subjective visual field studies,
objective structural changes of the optic nerve, as well as
the use of IOP metrics. Outlining these criteria in a single
resource may act as a starting point for discussions on proper
methods of mining past data sets while also reaching some
consensus for implementing a commonly agreed upon set
of diagnostic criteria in future studies to facilitate broader
analyses. The ultimate goal is to make findings from large
randomized clinical trials more actionable in a real-world clinical
setting by leveraging big data sets toward predictive output
and guidance for when to observe and when to intervene with
escalating care.
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