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� PURPOSE: To evaluate a proposed method for objective
measurement of vitreous inflammation using a spectral-
domain optical coherence tomography (SD OCT) device
in a large cohort of uveitis eyes, including pseudophakic
eyes and vitrectomized eyes.
� DESIGN: Retrospective, observational cohort study.
� METHODS: One hundred five uveitis eyes (105 pa-
tients) with different vitreous haze score grades according
to standardized protocols and corresponding SDOCT im-
ages (Cirrus HD-OCT; Carl Zeiss Meditec, Dublin, Cal-
ifornia, USA) were included. Clinical data recorded
included phakic status, previous vitreoretinal surgery,
and anterior chamber (AC) cells and flare. SD OCT im-
ages were analyzed using custom software that provided
absolute measurements of vitreous (VIT) and retinal
pigment epithelium (RPE) signal intensities, which
were compared to generate a relative optical density ratio
with arbitrary units (VIT/RPE-relative intensity) and
compared to VHS.
� RESULTS: VIT/RPE-relative intensity showed a signif-
icant positive correlation with vitreous haze score (r [

0.535, P < .001) that remained significant after adjust-
ing for factors governing media clarity, such as AC cells,
AC flare, and phakic status (R2-adjusted [ 0.424, P <
.001). Significant differences were also observed between
the different vitreous haze score groups (P< .001). Pre-
liminary observation did not observe differences in VIT/
RPE-relative intensity values between phakic and pseu-
dophakic eyes (0.3522 vs 0.3577, P[ .48) and between
nonvitrectomized and vitrectomized eyes (0.3540 vs
0.3580, P[ .52), overall and respectively for each vitre-
ous haze score subgroup.
� CONCLUSIONS: VIT/RPE-relative intensity values
provide objective measurements of vitreous inflammation
employing an SDOCT device. Phakic status and previous
vitrectomy surgery do not appear to influence these
values, although these preliminary findings need valida-
tion in future studies. (Am J Ophthalmol 2016;161:
172–180. � 2016 by Elsevier Inc. All rights reserved.)

T
HE CURRENT METHOD FOR ASSESSMENT OF THE IN-

flammatory status in eyes with uveitis is almost
entirely based on subjective clinical estimates ac-

cording to standardized scales for both anterior and poste-
rior segment.1,2 In the case of vitreous inflammation, the
gold standard has been the National Eye Institute (NEI)
system for grading of vitreous haze, often known as the
Nussenblatt scale.2 This classification is based on estima-
tion of the clarity of the fundus when viewed with the
indirect ophthalmoscope and a 20 diopter lens in compar-
ison to a set of reference photographs. The NEI vitreous
haze score has been approved as a surrogate endpoint by
the United States Food and Drug Administration and is
used as a primary outcome measure in the majority of clin-
ical trials in uveitis. Vitreous haze score does, however,
have a number of limitations: it is subjective, with only
moderate interobserver agreement3,4; it is noncontinuous,
grading disease activity in large steps between vitreous
haze score categories; and it is poorly discriminatory at
the lower levels of vitreous inflammation that represent
the majority of patients with active vitreous
inflammation (ie, þ0.5, þ1 vitreous haze score) and
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therefore arguably a challenge for clinical assessment,
particularly in clinical trial scenarios.

There is consensus in the uveitis community on the
need for objective measures of inflammatory activity in
sight-threatening uveitis. With this aim, a recent proof-
of-concept study demonstrated that spectral-domain opti-
cal coherence tomography (SD OCT) images could be
processed to obtain objective measurements of vitreous
inflammation in eyes with intermediate uveitis, posterior
uveitis, and panuveitis.5 This method was based on the
determination of the signal intensity of the vitreous
compartment, which was then compared to that of the
retinal pigment epithelium (RPE) to generate an optical
density ratio with arbitrary units that showed good correla-
tion with vitreous haze score, but further validation was
required. First, the original study was too small to allow
subgroup analysis of common patient factors that might
render the technique unreliable, notably phakic status or
previous vitreoretinal surgery. Second, the original study
employed an OCT device from a single vendor (Spectralis
OCT; Heidelberg Engineering, Heidelberg, Germany),
raising the possibility that the method might not be appli-
cable across other medical systems. Third, these prelimi-
nary findings needed to be confirmed in a different
patient cohort, using a different team of OCT technicians
and independent analyzers to ascertain whether the
method has applicability to and may be adopted by multi-
ple end users.

To these ends this study aims to evaluate the previously
proposed OCT-derived vitritis quantification method in a
larger series of intermediate uveitis, posterior uveitis, and
panuveitis eyes, using an alternative spectral-domain
OCT platform in a geographically and demographically
distinct study population. Such data would deliver an inde-
pendent evaluation of an ability to obtain objective,
continuous, and reproducible measurements of vitreous
inflammation. A further aim is to determine the influence
of phakic status or previous vitreoretinal surgery on these
objective measurements.

METHODS

ALL OCT IMAGE SETS WERE OBTAINED FROM PATIENTS

attending a tertiary referral uveitis clinic (A. Adan) at
Institut Clı́nic d’Oftalmologı́a (ICOF), Hospital Clinic,
Barcelona, Spain. Patients included in the study had inter-
mediate uveitis, posterior uveitis, or panuveitis of different
etiologies, with varying degrees of vitreous inflammation,
and corresponding OCT image sets captured during routine
clinical care, from a 6-year period (November 11, 2009-
June 2, 2014). This study was approved by the Ethics
Committee of the Hospital Clinic, Barcelona and was con-
ducted in accordance with the Declaration of Helsinki.

� CLINICALDATA: Demographic data collected from pa-
tients in the study included age, sex, uveitis anatomic
location, uveitis etiology, current treatment, and any
history of previous intraocular surgery. Clinical charac-
teristics of study eyes collected include the following:
(1) best measured visual acuity; (2) presence of keratic
precipitates; (3) presence of posterior synechiae; (4)
phakic status, classified as (a) phakic, (b) pseudophakic,
and (c) aphakic; (5) anterior chamber (AC) activity;
and (6) vitreous haze score using standardized protocols
according to the NEI and Standardization of Uveitis
Nomenclature (SUN) guidelines.1,2 All clinical data
were collected during routine clinical care in an
electronic medical records system and extracted for
analysis. Only eyes with complete information of the
above fields and corresponding OCT images were
included in the analysis (Supplemental Figure 1; Supple-
mental Material available at AJO.com).

� OPTICAL COHERENCE TOMOGRAPHY IMAGE ACQUISI-
TION PROTOCOL: All SD OCT image sets included in
this study were acquired using a spectral-domain OCT sys-
tem (Cirrus HD-OCT; Carl Zeiss Meditec, Dublin, Califor-
nia, USA) with the standard ‘‘Macular Cube’’ protocol.
The Macular Cube protocol consists of 128 horizontally
oriented B-scans acquired in a continuous, automated
sequence and covers a 6 mm 3 6 mm area. Each B-scan
is 6 mm in length and composed of 512 equally spaced
transverse sampled locations. The enhanced depth imaging
mode was not used in any case, and the point of maximum
sensitivity or zero delay line was maintained in the vitreous
side.6 For the purposes of this study, only scans centered in
the fovea were analyzed.

� QUALITATIVE ANALYSIS OF OPTICAL COHERENCE TO-
MOGRAPHY IMAGES: SD OCT images were qualitatively
analyzed to assess the presence of (1) hyperreflective dots,
larger and with greater density than background speckle
noise as surrogate marker of cellular infiltrates into the vit-
reous7; (2) presence of epiretinal membrane preventing
adequate transmission of light to the retinal pigment
epithelium; and (3) severe anatomic disruption of retinal
integrity and outer retinal layers/RPE status, preventing
adequate delineation of the retinal pigment epithelium
compartment of interest for the quantitative analysis. All
cases with (2) and (3) were excluded from the subsequent
quantitative analysis. Examples of clinical cases excluded
are described in Supplemental Figure 2 (Supplemental Ma-
terial available at AJO.com).

� QUANTITATIVEANALYSISOFOPTICALCOHERENCETO-
MOGRAPHY IMAGES: Raw SD OCT images were exported
from the Cirrus HD-OCT system and imported into
OCTOR (Doheny Eye Institute, Los Angeles, California,
USA), custom grading software that allows manual delin-
eation of boundaries that define the compartments of
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