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What Is the Role
of Imaging in
Glaucoma Care?

This technology enhances physicians’ ability to diagnose disease and its progression,

but clinical acumen is still essential.

BY IAN CONNER, MD, PuD, AND JOEL S. SCHUMAN, MD

maging is playing an increasingly critical role in the

management of glaucoma. Although most practic-

ing ophthalmologists were taught the art of carefully

observing the optic nerve head and its correlation
with perimetric changes, the recent advent of advanced,
objective imaging technologies promises to elevate even
the least proficient observer to an expert level. Optical
coherence tomography (OCT), confocal scanning laser
ophthalmoscopy (CSLO), and scanning laser polarimetry
(SLP) are enhancing clinicians’ confidence in their ability
to make challenging treatment decisions. It is important,
however, that practitioners have a working knowledge of
these technologies’ limitations and realistic expectations
for their clinical application.

THE PREVIOUS PARADIGM

The diagnosis of glaucoma is clinical and has always
required some element of subjectivity. This is unlikely
to change, although newer imaging tools aim to reduce
subjectivity. Traditionally, glaucoma has been defined as
a characteristic optic neuropathy involving a recogniz-
able pattern of neural damage and visual field loss, often
associated with elevated IOP. The etiology can be multi-
factorial (eg, primary open-angle, pigmentary, pseudoex-
foliative, angle-closure, trauma-related, uveitic, and many
other glaucomas), but the final common pathway of reti-
nal ganglion cell (RGC) loss appears to be the same. For
that reason, physicians and researchers have a keen inter-
est in reproducibly measuring the structure and function
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“The diagnosis of glaucoma is
clinical and has always required
some element of subjectivity. This is
unlikely to change, although newer
imaging tools aim to reduce
subjectivity.”

of the RGC layer and retinal nerve fiber layer (RNFL) as
well as the optic nerve head itself (Figure).

Historically, the mainstay of these efforts has been
description, illustration, and later, photography of the
optic nerve head. Unfortunately, different expert observ-
ers can provide discrepant assessments of the optic nerve
head, and even single observers can have inadequate inter-
nal consistency.! This problem is perhaps compounded
when one considers that the primary correlating measure-
ments of function—perimetry derived from the patient’s
subjective responses—would be expected to have even
less consistency among measurements. Despite this obvi-
ous shortcoming, all previous efforts to objectively sup-
plant the gold standard of perimetry (eg, multifocal and
pattern electroretinogram/visual evoked potential) have
failed to reach even its level of validity.2

Despite the inherent uncertainties, clinicians have
been required to make recommendations regarding the
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Figure. Advanced imaging in glaucoma correlates well with a traditional examination of the optic nerve head and automated
perimetry. A stereo disc photograph demonstrates advanced cupping and an inferior notch in the right eye of this patient

(A). Humphrey visual field test (Carl Zeiss Meditec, Inc.) with correlating superior Bjerrum scotoma (B). Imaging with the

Cirrus HD-OCT (Carl Zeiss Meditec, Inc.) shows a thin inferior and superior RNFL in the right eye of the same patient (C). The
Moorfields regression analysis display of the HRT (Heidelberg Engineering GmbH) CSLO device correlates well with the known
neuroretinal rim and RNFL defect inferiorly in the patient’s right eye (D). The GDxPRO SLP device (Carl Zeiss Meditec, Inc.) also
shows a loss of RNFL integrity corresponding with the known defect in the patient’s right eye (E).

use of costly medications with many known side effects,
laser procedures, or fistulizing surgeries with the poten-
tial to dramatically worsen the patient’s vision even if
they achieve the goal of a lower IOP. It is no wonder,
then, that there is tremendous enthusiasm behind efforts
to objectively and reproducibly characterize the optic
nerve head, RNFL, and RGC layer and to use this infor-
mation to better guide the diagnosis and management
of glaucoma.

THE CURRENT STATE OF IMAGING
TECHNOLOGY

It is important to state at the outset that no imaging
procedure is able to definitively diagnose glaucoma,

predict progression, or even detect very subtle progres-
sion. Instead, these tools provide an objective founda-
tion on which the astute clinician may base his or her
decision making. Each technology has now reached a
level of maturity where not only are its measurements
reproducible, but it also uses ever-expanding norma-
tive data sets and has the ability to statistically detect
glaucomatous progression.>'2 Manufacturers are con-
tinually refining and updating the software analyses to
improve the usefulness of the acquired data.

It is beyond the scope of this article to adequately
cover all of the nuanced advantages and disadvantages
of each technology, but a brief overview is presented
herein. CSLO works by mapping the surface topogra-
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“No imaging procedure is able to
definitively diagnose glaucoma,
predict progression, or even detect

very subtle progression.”

phy of the retinal tissue using a series of coronal images,
but it is presently limited in axial resolution. CSLO
discriminates well between glaucomatous and healthy
eyes, and its progression analysis has been validated."
SLP detects the birefringence of reflected light from
the peripapillary retina to assess the status of the RNFL.
SLP also provides a progression analysis.™ Finally, OCT
utilizes interferometry to construct three-dimensional
representations of retinal layers, including the macular
and circumpapillary RNFL. The speed and anatomic
resolution of current OCT technology even allow indi-
vidual discrimination of macular nerve fiber, ganglion
cell, and inner plexiform layers of the retina, thus push-
ing the envelope for detecting neurodegeneration quite
proximally.'1¢ Progression analysis on OCT is also vali-
dated and maturing, as with the other technologies."”

As promising as each of these developments seems,
some lack of overlap remains in the detection of pro-
gression between techniques. This problem will be
apparent to clinicians in settings where multiple tech-
nologies are available for each patient (eg, university-
based practices), but it could create a misleading
impression of progression in settings where only one
technology is available. The data available from these
impressive imaging machines must be taken as but a
piece of the larger clinical picture. Close observation
and repetitive measurements when the physician is
clinically uncertain remain a cornerstone of glaucoma
management.

CONCLUSION

Although imaging technology still requires quality
assessment and accurate interpretation, the addition
of objective data undoubtedly elevates the clinician’s
ability to detect and treat glaucoma and its progression
at their earliest possible stages.' It is well understood
that earlier treatment has the potential to decrease the
severity and impact of glaucoma-related blindness. In
addition, the practitioner’s enhanced certainty facili-
tates his or her decision making when the advancement
of therapy is required, and this greater confidence helps
to reduce the incidence of undertreatment. B
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