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e PURPOSE: To analyze the vitreoretinal interface in dia-
betic eyes using 3-dimensional wide-field volumes ac-
quired using high-speed, long-wavelength swept-source
optical coherence tomography (SSOCT).

* DESIGN: Prospective cross-sectional study.

e METHODS: Fifty-six diabetic patients (88 eyes) and 11
healthy nondiabetic controls (22 eyes) were recruited.
Up to 8 SSOCT volumes were acquired for each eye. A
registration algorithm removed motion artifacts and
merged multiple SSOCT volumes to improve signal. Vit-
reous visualization was enhanced using vitreous window-
ing method.

e RESULTS: Of 88 diabetic eyes, 20 eyes had no retinop-
athy, 21 eyes had nonproliferative diabetic retinopathy
(NPDR) without macular edema, 20 eyes had prolifera-
tive diabetic retinopathy (PDR) without macular edema,
and 27 eyes had diabetic macular edema (DME) with
either NPDR or PDR. Thick posterior hyaloid relative
to healthy nondiabetic controls was observed in O of 20
(0%) diabetic eyes without retinopathy, 4 of 21 (19%)
eyes with NPDR, 11 of 20 (55%) eyes with PDR, and
11 of 27 (41%) eyes with DME (P = .0001). Vitreoschi-
sis was observed in 6 of 22 (27%) healthy nondiabetic
eyes, 9 of 20 (45%) diabetic eyes without retinopathy,
10 of 21 (48%) eyes with NPDR, 13 of 20 (65%) eyes
with PDR, and 17 of 27 (63%) eyes with DME (P =
.007). While no healthy nondiabetic controls and diabetic
eyes without retinopathy had adhesions/pegs between de-
tached posterior hyaloid and retina, 1 of 21 (4%), 11 of
20 (55%), and 11 of 27 (41%) eyes with NPDR, PDR,
and DME, respectively, demonstrated this feature
(P = .0001).
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e CONCLUSION: SSOCT with motion-correction and
vitreous windowing provides wide-field 3-dimensional
information of vitreoretinal interface in diabetic eyes.
This may be useful in assessing progression of retinop-
athy, planning diabetic vitreous surgery, and predicting
treatment outcomes. (Am ] Ophthalmol 2016;162:
140-149. © 2016 by Elsevier Inc. All rights reserved.)

HE VITREOUS BODY IS THE LARGEST STRUCTURE IN
T the human eye and occupies the space behind the

lens and in front of the retina.'” In its normal
state, the vitreous firmly adheres to the vitreous base,
optic disc, and macula at birth."” As the eye ages, a
complex series of events causes the posterior vitreous
cortex (hyaloid) to detach from the inner retinal surface.
This occurrence is termed posterior vitreous detachment
(PVD) and is a normal aging process.” In some eyes,
there may be an incomplete or defective separation of
the posterior hyaloid from the inner retina leading to an
anomalous PVD. Such an occurrence may result in the
pathologic manifestations of the disorders of the
vitreomacular interface.””° Retinal pathologies such as
diabetic retinopathy, diabetic macular edema, age-related
macular degeneration, and retinal vascular occlusions
may be concurrently associated with abnormalities of the
vitreomacular interface.”"!

Diabetic retinopathy is the most common cause of new-
onset visual impairment in working-age adults in the
United States.'” It is typically classified as either nonproli-
ferative diabetic retinopathy (NPDR) or proliferative dia-
betic retinopathy (PDR). Either one can have diabetic
macular edema (DME)."” The pathogenesis and progres-
sion of diabetic retinopathy involves changes in the vitre-
ous structure. 'O However, because the vitreous is
transparent, it is often difficult to reliably image the
vitreous and the vitreoretinal interface. Since optical
coherence tomography (OCT) was introduced as a
noninvasive optical imaging modality for diagnosis of
various retinal diseases,'” it has become a standard imaging
modality in ophthalmic practice. With the advancement of
OCT technology from time-domain to spectral-domain
OCT (SDOCT), improved in vivo visualization of the
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posterior vitreous and vitreoretinal interface has become
possible through improved axial resolution, higher imaging
speed, and improved signal-to-noise ratio.'”! Recent
SDOCT studies have analyzed the vitreoretinal interface
in diabetic macular edema and described features such as
incomplete PVD, vitreomacular traction, and epiretinal
membranes.'”"!

Of late, the introduction of swept-source OCT
(SSOCT) technology has enabled higher image acquisition
speed, wider imaging field, and lower sensitivity roll-off vs
depth compared to SDOCT technology.”* Using SSOCT,
recent studies demonstrated an ability to better visualize
the posterior vitreous and vitreoretinal interface in healthy
eyes and determined the prevalence and described the di-
mensions and shapes of the bursa premacularis and area
of Martegiani.”” > A more detailed 3-dimensional analysis
of the posterior vitreous and vitreoretinal interface using
volumetric SSOCT with a high A-scan density acquired
over a wide field of the retina covering the fovea and the
optic nerve head regions was recently demonstrated by
Liu and associates.”® In that study, a vitreous windowing
method was employed to enhance the details of the vitre-
ous, and various features of the posterior vitreous and vitre-
oretinal interface in young healthy eyes were described.
Another recent SSOCT study examined the vitreoretinal
interface in 4 patients with PDR and described features
such as neovascularization and vitreoschisis.”” That report
was limited to a small number of patients, a study of only
the proliferative stage of diabetic retinopathy, and the
use of single B-scan imaging protocols on SSOCT.

Given that the vitreous plays an important role in the
pathogenesis of diabetic retinopathy, "' 14710 the
present study aims to perform an in vivo 3-dimensional
analysis of the features of the posterior vitreous and vitreor-
etinal interface in diabetic eyes either without clinical ev-
idence of retinopathy or with different stages of
retinopathy, in comparison to age-matched healthy nondi-
abetic control eyes. It uses a vitreous windowing method to
enhance visualization of the posterior vitreous and the
vitreoretinal interface’® applied to 3-dimensional wide-
field volumetric SSOCT covering the fovea and optic
nerve head regions obtained using a high-speed, long-
wavelength SSOCT prototype.

METHODS

e SUBJECTS: Fifty-six patients with diabetes (88 eyes) with
or without clinically visible diabetic retinopathy and 11
healthy nondiabetic controls (22 eyes) were prospectively
recruited at the New England Eye Center, Tufts Medical
Center (Boston, Massachusetts, USA) between September
1, 2012 and June 30, 2014, for imaging on a prototype
SSOCT system. This system was developed at Massachu-
setts Institute of Technology (Cambridge, Massachusetts,
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USA) and deployed at the New England Eye Center (Bos-
ton, Massachusetts, USA). The healthy nondiabetic con-
trols had a best-corrected visual acuity of 20/20 or better
and underwent fundus examination to exclude any existing
retinal or choroidal pathology. The diabetic patients had a
best-corrected visual acuity of 20/200 or better and under-
went complete ophthalmic examination including dilated
fundus examination on slit-lamp biomicroscopy, fundus
photography, OCT imaging on commercially available
SDOCT (Carl Zeiss Meditec Inc, Dublin, California,
USA; software version 6.0), and, in certain cases, fluores-
cein angiography. All subjects with a myopic refractive er-
ror of greater than 6 diopters were excluded. Diabetic
patients with concomitant posterior segment pathologies
such as age-related macular degeneration, central serous
chorioretinopathy, prior vitrectomy, retinal detachment,
and history of hypertension were also excluded.

Based on clinical assessment, the diabetic patients were
characterized into 4 groups: (1) diabetes without retinop-
athy (20 eyes), (2) NPDR without macular edema (21
eyes), (3) PDR without macular edema (20 eyes), and (4)
DME (27 eyes) with either NPDR (22 of 27 eyes) or PDR
(5 of 27 eyes). A chart review was performed to determine
if the eyes in the NPDR and PDR groups had any prior his-
tory of macular edema. Details of prior treatment with
panretinal photocoagulation, focal laser, and/or anti-
vascular endothelial growth factor (anti-VEGF) agents
were also obtained from the charts (Table 1).

This study was approved by the institutional review
boards of Tufts Medical Center and the Massachusetts
Institute of Technology and adhered to the Declaration
of Helsinki and the Health Insurance Portability and
Accountability Act. Signed written informed consent
was obtained from all subjects prior to enrollment in the
study.

e SWEPT-SOURCE OPTICAL COHERENCE TOMOGRAPHY
IMAGING AND IMAGE PROCESSING: All subjects under-

went imaging using a research prototype SSOCT* that
employs a light source with a wavelength-sweeping laser
centered at 1050 nm and yields an axial resolution of
~6 wm in tissue, an imaging range of 3.6 mm, and an im-
aging speed of 100 000 A-scans/second that is ~4 times
faster than standard clinical SDOCT instruments. This
prototype SSOCT has similar specifications as the Topcon
Deep Range Imaging OCT-1 Atlantis SSOCT (Topcon
Medical Systems, Oakland, New Jersey, USA), which
was recently introduced commercially but has not yet
been approved for use in the United States.

A trained operator acquired up to 8 orthogonally raster
scanned 3-dimensional SSOCT volumes over a 12 mm X
12 mm (~40 degree) region of the retina centered between
the fovea and the optic nerve head with the focus manually
adjusted for acquisition of better vitreous details. Each 3-
dimensional SSOCT volume consists of 500 A-scans per
B-scan for a total of 500 B-scans that takes less than 3
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