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DYNAMIC BLOOD FLOW
MEASUREMENTS IN GLAUCOMA

Measuring retinal blood flow in real time with speckle
contrast imaging could facilitate disease diagnosis.

iven that up to one-third of patients with glaucoma
have “normal” IOPs and that the disease can progress
even when the IOP measures within the target range,
it is clear that alternative biomarkers and treatment
targets are needed.! For more than a century, clini-
cians and scientists have theorized that there is a vascular
component to glaucoma, and a substantial body of work
supports an association between poor ocular perfusion and
glaucoma.? Large epidemiologic studies such as the Baltimore
Eye Disease Survey and the Barbados Eye Study have shown
up to a sixfold higher risk of glaucoma in individuals with low
systemic blood pressure."® Further, an association between
glaucoma and reduced ocular blood flow has been shown
using various methods, including direct observation of vessel
caliber with fluorescein angiography*> and technologies such
as laser doppler imaging,® laser speckle imaging,’® and, more
recently, OCT angiography.>'°
Imaging modalities that are commonly available in the
office, including fluorescein angiography, indocyanine green
angiography, and OCT angiography, are best suited to
provide structural measurements such as perfused vessel
density and vessel caliber, which have been shown to be
reduced in glaucoma.'” However, these modalities do not
measure dynamic blood flow.
In a recent study, we used real-time measurements
of blood flow in the optic nerve head (ONH) to distin-
guish between glaucomatous eyes and controls This was
accomplished with an FDA-cleared, high-speed, portable
ocular blood flow imaging device, the XyCAM RI (Vasoptic
Medical), which uses laser speckle contrast imaging (LSCI)
to measure dynamic changes in ocular blood flow (Figure 1).
LSCl is a noninvasive technique that utilizes a low-intensity,
nonscanning laser to illuminate the posterior segment; this
leads to speckle formation in the acquired image data that
can subsequently be processed to estimate ocular blood
flow information. A distinct advantage of LSCl is its ability to
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Figure 1. Images of ocular blood flow obtained using the XyCAM RI. Blood flow velocity
images centered around the ONH and the macula for control eyes (A, B) and glaucomatous
eyes (C, D). The same colormap scale is used across the subjects to display low flow
velocities in cooler colors and high flow velocities in hotter colors. Abbreviation: a.u.,
arbitrary unit. Reprinted with permission from Vinnett et al.®

assess temporal dynamics of the retinal vasculature, which
may reveal changes in ocular pathologies associated with
blood flow pulsations and alterations.'>"

BLOOD FLOW VELOCITY INDEX METRICS

In our study, the XyCAM Rl was used to assess tempo-
ral characteristics of dynamic foveal and ONH blood flow
patterns in 20 healthy individuals who served as controls,
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AT A GLANCE

» Glaucoma is theorized to have a vascular component and is associated
with reduced ocular blood flow.

» Current imaging modalities visualizing ocular perfusion primarily
provide static/structural measurements.

» A recent study utilized a laser speckle contrast imaging device, the
XyCAM RI, to measure dynamic blood flow and found significant
differences between glaucoma patients, glaucoma suspects, and
healthy individuals.

» The XyCAM RI may allow the identification of dynamic vascular
biomarkers, which could facilitate earlier disease diagnosis.
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Figure 2. lllustration of a pulsatile blood flow velocity index (BFVi) waveform and computation of ocular blood flow metrics.
Dip BFVi and peak BFVi pertain to phases corresponding to the cardiac diastole and systole. Mean BFVi corresponds to the
average of the means of the rising and falling phases. Abbreviations: FWHM, full width half maximum; TtF, time-to-fall; TtR,
time-to-rise; VFI, volumetric fall index (area under the falling portion of the BFVi waveform); VRI, volumetric rise index (area
under the rising portion of the BFVi waveform). Reprinted with permission from Vinnett et al.®
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16 glaucoma suspects, and 10 patients
with glaucoma?® The aims of the study
were to determine the repeatability of
dynamic blood flow measurements and
to characterize the ability of XyCAM

Rl blood flow metrics to differentiate
patients with glaucoma and glaucoma
suspects from healthy controls. Ten
unique blood flow metrics were used
to characterize dynamic blood flow for
each region of interest: disc vessels, disc
perfusion (with major retinal vessels
masked), and the fovea (Figure 2).

Patients with glaucoma were found
to have both decreased blood flow
and greater blood flow variation than
controls. Furthermore, measurements
obtained from blood vessels in the ONH
could be used to differentiate glaucoma
patients from glaucoma suspects: On
average, blood flow velocity metrics in
glaucoma suspects were greater than
in glaucoma patients but lower than
in controls. Blood flow velocity metrics
were also correlated with established
risk factors and features of glaucoma,
including age, cup-to-disc ratio, mini-
mum rim width, overall retinal nerve
fiber layer thickness, mean deviation,
and pattern standard deviation.

The breadth of metrics available with
the assessment of ocular blood flow
dynamics using the XyCAM RI presents
new avenues that may allow earlier
glaucoma diagnosis and the identifica-
tion of individuals with the highest
risk of developing the disease. Further
research is required to assess the role of
real-time ocular blood flow dynamics
in glaucoma management and to
determine whether the XyCAM RI can
provide diagnostic classification with
a high degree of confidence in larger
clinical trials.

CONCLUSION

This study represents the first assess-
ment of a new LSCl-based ocular imag-
ing device, the XyCAM R|, in patients
with glaucoma. Notably, this work is
also the first LSCl-based study to enroll
a multiethnic population, including a

(Continued on page 20)
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(Continued from page 16)
large proportion of African American
individuals.

Dynamic blood flow metrics mea-
sured with the XyCAM RI were reli-
able, were associated with structural
and functional glaucoma metrics, and
were significantly different among
controls, glaucoma suspects, and glau-
coma patients. The device may facili-
tate disease diagnosis in populations
where it can be challenging, such as
individuals with high myopia whose
retinal nerve fiber layer can be thin.
Additionally, the identification of dif-
ferences in blood flow between glau-
coma patients and glaucoma suspects
may help to distinguish early phases
of the disease. Further testing of these
applications is warranted.

Crucial next steps include continu-
ing to assess the role of dynamic ocular
blood flow in glaucoma management
and further elucidating the pathways
and mechanisms involved in glaucoma
pathogenesis reflected by dynamic
blood flow biomarkers. Larger clini-
cal trials are needed to evaluate the
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efficacy of XyCAM Rl in glaucoma
diagnostics and disease severity clas-
sification, particularly in cases in which
interpretation of conventional diag-
nostic methods is challenging. m

Author's note: The study discussed in
this article was supported, in part, by
a grant from the Maryland Industrial
Partnerships program, a portion of
which came from Vasoptic Medical.
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