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Imaging Optic Nerve
Head Drusen With
Spectral Domain OCT

A new algorithm may help clinicians to determine the cause of visual field loss

in patients with coexisting drusen and glaucoma.

BY HUIJUAN WU, MD, PHD; JOHANNES F. DE BOER, PHD; AND TERESA C. CHEN, MD

rusen of the optic nerve head are an uncom-
mon but serious cause of visual loss. Although
these laminated calcified hyaline bodies"? are
often asymptomatic,® they may cause progres-
sive visual field loss' by disrupting axonal metabolism* or
altering axoplasmic transport.? Ischemia from optic nerve
head drusen has also been reported to cause acute visual
loss.> The clinical incidence of optic nerve head drusen is
3.4 to 4.9 per 1,000 individuals,’ but evidence from au-
topsies suggests that these lesions are present in 20.4 of
every 1,000 individuals.®
Clinically, optic nerve head drusen appear as elevations
of the optic disc that may be confused with papilledema
or swelling of the optic nerve head.” These lesions often
obscure the margins of the optic disc and give it an irreg-
ular appearance.”® Because optic nerve head drusen
present diagnostic dilemmas and have a potentially poor
prognosis, finding a reliable and accurate method for
detecting these lesions is crucial.

The current methods of diagnosing optic nerve head
drusen include direct visualization with ophthalmoscopy,
fundus photography (Figure 1A), autofluorescence with
fluorescein angiography (Figure 1B), computerized tomo-
graphy, and B-scan ultrasonography (Figure 1C). Of these
modalities, ultrasonic testing has proven the most sensi-
tive.'™ These techniques only detect the presence of
optic nerve head drusen, however, and do not provide
information about their shape, size, or location.

The presence of optic nerve head drusen in patients
who also have glaucoma confounds clinicians’ ability to
diagnose and track the progression of both conditions.”'
Furthermore, clinicians may have difficulty attributing
progressive visual field loss to optic nerve head drusen
versus glaucoma, because both conditions appear as
thinning of the retinal nerve fiber layer on time-domain
optical coherence tomography (OCT).”91315

These diagnostic quandaries highlight the inadequacy of
current imaging techniques for assessing optic nerve head

Figure 1. Drusen are apparent on the left optic nerve of a patient with coexisting glaucoma (A). Fluorescein angiography high-
lights the drusen in the same patient (B). Drusen characteristically appear as highly reflective oval structures with acoustic
shadowing on B-scan ultrasonography (C). (Reprinted with permission from Yi K, Mujat M, Sun W, et al. Imaging of optic nerve
head drusen:improvements with spectral domain optical coherence tomography. J Glaucoma. 2009;18:373-378.)
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Figure 2. Schematic of imaging with SD-OCT. Abbreviations:
SLD, superluminescent diode; Ti, titanium. (Reprinted with
permission from Yi K, Mujat M, Sun W, et al. Imaging of optic
nerve head drusen: improvements with spectral domain opti-
cal coherence tomography. J Glaucoma. 2009;18:373-378.)

drusen. We are using spectral domain OCT (SD-OCT) to
obtain much-needed quantitative information about
these potentially sight-threatening lesions.

TECHNOLOGICAL OVERVIEW

SD-OCT (also called Fourier-domain OCT) is a new tech-
nology that can obtain ultra-high-resolution images (2 pm
vs 10 um with time-domain OCT)'¢™ of ophthalmic tissues
at the rate of 29,000 A-lines per second.’?' This unprece-
dented speed allows SD-OCT to image square 6 X 6-mm or
rectangular 8.85 X 5.73-mm areas of the posterior pole.?'23

Johannes F. de Boer, PhD, developed the first prototypic
video-rate SD-OCT at the Massachusetts General Hos-
pital, Wellman Center for Photomedicine, and Dr. Chen
conducted clinical studies with the device at the
Massachusetts Eye and Ear Infirmary.2" 2426 This device
obtains images by splitting the light emitted by a superlu-
minescent diode or a titanium:sapphire laser into two
beams. One beam is directed toward a reference mirror
and the other toward the eye (Figure 2).

As the source beams reflect off the eye and reference
mirror, they create an interference pattern that is captured
and analyzed by a spectrometer in the device’s detector
arm. Composed of the transmission grating and the air-
spaced focusing lens, the spectrometer analyzes the inter-
ference patterns in a spectrum of mixed reflected lights to
obtain depth information of targeted tissue.'”?* Finally,
these data undergo Fourier transformation to produce an
image of the targeted ophthalmic structures.?"?

Whereas commercially available time-domain OCT
systems such as the Stratus OCT3 (Carl Zeiss Meditec,
Inc,, Dublin, CA) are limited to a two-dimensional out-
put, SD-OCT can create three-dimensional images of
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ocular structures. SD-OCT's advanced imaging capability
is possible, because its scanning speed is 72 times more
efficient than that of time-domain OCT.23

By the end of 2006, the FDA had cleared the first com-
mercially available SD-OCT systems for clinical use in the
United States. Since then, several companies have intro-
duced their versions of the technology. Examples of
available instruments include the Cirrus HD-OCT (Carl
Zeiss Meditec, Inc.), RTVue-100 (Optovue, Inc, Fremont,
CA), Spectral OCT/SLO (OT], Toronto, Ontario, Canada),
Spectralis (Heidelberg Engineering GmbH, Heidelberg,
Germany), SOCT Copernicus (Reichert Ophthalmic
Instruments, Inc., Depew, NY), and 3D OCT-1000
(Topcon Medical Systems, Inc.,, Paramus, NJ). Unfor-
tunately, none of these devices has algorithms that
determine the size, shape, or location of optic nerve
head drusen.

In a pilot study at the Massachusetts Eye and Ear Infir-
mary, Dr. Chen and colleagues tested the feasibility of a
novel algorithm for imaging optic nerve head drusen. This
algorithm was designed to overcome the shortfalls of
other imaging techniques. The results of this study follow.

IMAGING OF OPTIC NERVE HEAD DRUSEN
Quantitative Information

Dr. de Boer and colleagues have developed an algorithm
that, when used with SD-OCT, determines the shape and
location of optic nerve head drusen. This algorithm also
calculates the volume of the lesions, a measurement that
the investigators found was directly correlated with
absolute values of mean deviation with Humphrey visual
field testing (Carl Zeiss Meditec, Inc.) in eyes with optic
nerve head drusen and glaucoma.”’

The volunteers for Dr. Chen'’s study included one patient
with optic nerve head drusen who underwent exentera-
tion surgery for orbital melanoma and four patients with
concomitant optic nerve head drusen and glaucoma. After
evaluating the volunteers with Dr. de Boer’s prototypic
SD-OCT system, the investigators used an experimental
algorithm (commercially available software from Amira
[Mercury Computer Systems Inc,, Chelmsford, MA] inter-
faced with open-source C++ algorithms from Insight
Registration and Segmentation Toolkit [available at
http://www.itk.org/]) to translate the data into three-
dimensional images.

Correlation With Histology

An analysis of the patient with orbital melanoma allowed
the investigators to correlate images of optic nerve head
drusen obtained with time-domain and SD-OCT with the
histology of the patient’s exenterated eye. The optic nerve
head drusen are visible on fundus photography as a promi-
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Figure 3. Fundus photography of the right eye of a patient
with bilateral optic nerve head drusen shows a prominent
lesion at the superior nasal border of the optic nerve head (A).
Imaging of the same eye with time-domain OCT shows a
region of decreased signal (arrow) below the surface of the
elevated optic nerve head. (Reprinted with permission from
Yi K, Mujat M, Sun W, et al. Imaging of optic nerve head
drusen: improvements with spectral domain optical coher-
ence tomography. J Glaucoma. 2009;18:373-378.)

nence in the superior nasal border of the optic nerve head
(Figure 3A). Time-domain OCT shows the mass as an ele-
vation of the optic nerve head and an area of decreased sig-
nal below its surface (Figure 3B).

Despite the poor quality of the images obtained with
time-domain OCT, histology of the exenterated eye con-
firmed the presence of a large, lobulated, optic nerve
head drusen above the level of the lamina cribrosa
(Figure 4A). The lesions were clearer with SD-OCT than
with time-domain OCT, and they appeared as regions of
poor signal intensity surrounded by highly reflective
borders (Figure 4B). When the experimental algorithm
processed the data from the SD-OCT device, the result-
ing map showed the drusen’s three-dimensional borders
(Figure 4C and D).

The investigators were also able to determine that the
volume of the lesion was 0.0304 mm?>, This case demon-
strates a good correlation between three-dimensional
images obtained with SD-OCT (Figure 4B to D) and the
histopathological analysis of optic nerve head drusen.
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Figure 4. Histology of the same eye from Figure 3 shows a large,
lobulated drusen (asterisk) and smaller lesions (arrows) above
the level of the lamina cribrosa. Much of the drusen’s calcific
substance was lost during processing (magnification X 50,
Toluidine blue staining) (A). SD-OCT images obtained before
exenteration surgery show drusen as regions of poor signal
intensity (asterisks) surrounded by highly reflective borders
(arrows). Circular structures visible near the surface of the optic
nerve head were continuously detected in serial images and
were therefore confirmed as blood vessels (arrowheads) (B).
Three-dimensional reconstructions of the optic nerve created
with the experimental algorithm show drusen (blue) within the
nasal border of the optic nerve head.The drusen were also visi-
ble through the transparent surface of the optic nerve head (C).
A three-dimensional reconstruction viewed from a different
angle revealed the spatial relationship between the surface of
the optic disc and the drusen (blue) (D). (Reprinted with permis-
sion from Yi K, Mujat M, Sun W, et al. Imaging of optic nerve
head drusen: improvements with spectral domain optical
coherence tomography. J Glaucoma. 2009;18:373-378.)

Correlation With Perimetry

The pilot study conducted at the Massachusetts Eye
and Ear Infirmary also showed a strong correlation
between the experimental algorithm and functional test-
ing with the Humphrey visual field analyzer 750i (24-2
Swedish interactive thresholding algorithm standard pro-
gram, Carl Zeiss Meditec, Inc.) The investigators observed
an excellent positive correlation between the volume of
the optic nerve head drusen (mm?) and the magnitude
of the mean deviation (dB) derived from visual field test-
ing (r*=0.97).

Although the new SD-OCT algorithm provided better
quantitative information about optic nerve head drusen
than time-domain OCT, it did not clearly indicate whether a
visual field defect was caused by the pathologic lesion or
glaucoma. For example, the investigators detected optic
nerve head drusen measuring 0.0467 mm? in the right eye
of a 50-year-old glaucoma patient. Because three-dimen-
sional images showed the lesion in the nasal aspect of the
optic nerve head, the investigators suggested that the inferi-



(TECHNOLOGY TODAY )

or nasal defect detected with ancillary perimetry was more
likely associated with glaucomatous progression.

This patient’s visual field defect could have been
caused by the optic nerve head drusen; however, be-
cause several studies note that the location of visible
lesions is not always correlated with observed changes in
visual function.?®° In such cases, visual field defects may
be the result of axonal compression by drusen deep in
the optic nerve or above the lamina cribrosa?®*3" or a
vascular event.23? Ultimately, a longitudinal evaluation of
this 50-year-old patient’s visual fields and the volume of
the optic nerve head drusen may clarify whether further
visual field loss is due to an increase in the lesion’s vol-
ume or to glaucomatous progression.

The pilot study also included a glaucoma patient who
had optic nerve head drusen that measured 0.839 mm? and
encompassed almost 360° of the optic nerve head in his left
eye. In this case, the investigators concluded that the gener-
alized depression on Humphrey visual field testing was more
likely due to the drusen than the patient’s glaucoma.

Future studies of the new SD-OCT algorithm in larger
patient populations may better elucidate the primary
mechanism by which drusen cause visual field defects,
especially lesions that are buried below the surface of the
optic nerve head.

CONCLUSION

Initially asymptomatic, drusen of the optic nerve head
are a sight-threatening disease that can be easily overlooked
by clinicians and patients. A new algorithm developed for
SD-OCT provides valuable quantitative information about
these lesions and may improve clinicians’ ability to deter-
mine the underlying cause of visual field loss in patients
with coexisting optic nerve head drusen and glaucoma. 0
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