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In recent years the use of different, established, and novel
imaging techniques provided detailed insight into several
retinal diseases. These modalities provide information about
anatomy and functional changes in the retina with high
resolution images which improve diagnosis andmanagement
of retinal pathologies.

The special issue on multimodal imaging in ophthalmol-
ogy published seven clinical research articles.

Among published articles R. R. Bastos et al. evaluated the
usefulness ofmultimodal image analysis to characterize vitel-
liform lesions in adult-onset foveomacular vitelliformdystro-
phy and acquired vitelliform patients. R. Mastropasqua et al.
used intraoperative and postoperative spectral domain opti-
cal coherence tomography (SD-OCT) to evaluate anatomical
results after two different ocriplasmin injection procedures
for the treatment of vitreomacular traction. P.-M. Lêvèque et
al. used OCT angiography to detect changes in optic nerve
head vascularization in glaucoma patients. E.V. Boiko and
D. S. Maltsev compared retromode scanning laser ophthal-
moscopy images and OCT central retinal thickness maps
as a guide for macular laser photocoagulation in patients
with macular edema. L. M. Brandao et al. compared two
different spectral-domain OCT systems in regard to full
macular thickness and ganglion cell layer-inner plexiform
layer measures and in regard to structure-function correla-
tion when compared to standard automated perimetry. Q.

Liang et al. evaluated the relationship between corneal and
conjunctival epithelium thickness evaluated with SD-OCT
and ocular surface clinical tests in dry eye disease patients.

I. Yuvaci et al. assessed the effects of mydriatics on cho-
roidal thickness evaluated by means of SD-OCT with
Enhanced Depth Imaging modality and anterior chamber
changes evaluated using a Pentacam Scheimpflug camera
system. All manuscripts underwent a peer review process
before publication.
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Purpose. To characterize vitelliform lesions (VLs) in adult-onset foveomacular vitelliform dystrophy (AOFVD) and acquired
vitelliform (AVL) patients using multimodal image analysis. Methods. Retrospective study of twenty-eight eyes from nineteen
patients diagnosed with AVL or AOFVD. They were evaluated by color fundus photographs, fundus autofluorescence (FAF),
fluorescein angiography (FA), and spectral-domain optical coherence tomography (SD-OCT).Results. Bilateral VLswere associated
with AOFVD (𝑝 = 0.013). Regular and centered VLs were associated with AOFVD (𝑝 = 0.004 and 𝑝 = 0.016), whereas irregular
and noncentered lesions were more frequent in AVL patients. Visual acuity, greatest linear dimension (GLD), lesion height (LH),
and pseudohypopyon were similar between groups. Whereas median LH and GLD in AVL group diminished significantly during
follow-up (𝑝 = 0.009 and 𝑝 = 0.001), AOFVD lesions tended to become larger and thicker. Conclusions. When consulting a patient
presenting a VL with unknown age of onset, familial history, or previous retinal diseases, some aspects of multimodal imaging
assessment may lead the ophthalmologist to a correct diagnosis.

1. Introduction

Vitelliform lesions (VLs) correspond to an accumulation of
yellowish material in the subretinal space. This phenotype is
shared by different retinal diseases, with distinct genetic back-
ground and etiologies [1, 2]. These lesions may evolve over
time and may be classified in the following stages:

(i) Stage I (previtelliform): normal or only subtle RPE
changes (tiny, central honeycomb structure centrally),
normal vision.

(ii) Stage II (vitelliform): classic “egg-yolk” lesion, normal
vision or mild vision loss.

(iii) Stage III (pseudohypopyon): layering of lipofuscin,
normal vision or mild vision loss.

(iv) Stage IV (vitelleruptive): breakup of material gives
“scrambled egg” appearance; vision may be mildly
decreased.

(v) Stage V (atrophic): central RPE and retinal atrophy;
vision may range from 20/30 to 20/200.

(vi) Stage VI (choroidal neovascularization, CNV): in
about 20% of patients; vision often decreased to
20/200 or worse [1, 2].

When detected in younger patients, VLs usually occur
in the setting of Best macular dystrophy (Best disease), an
autosomal dominant disease associated with a mutation in
bestrophin 1 (BEST1) [3, 4].

Adult-onset foveomacular vitelliform dystrophy
(AOFVD) is a subtype of macular pattern dystrophies,
being associated with mutations in the peripherin 2 (PRPH2)
gene, either sporadic or inherited in an autosomal dominant
manner [5, 6].The age of onset is typically between 30 and 50
years, and it is recognized as a pleomorphic disease, with great
variability in size, shape, and distribution of the vitelliform
material [1, 5].

Hindawi Publishing Corporation
Journal of Ophthalmology
Volume 2016, Article ID 6037537, 6 pages
http://dx.doi.org/10.1155/2016/6037537

http://dx.doi.org/10.1155/2016/6037537


2 Journal of Ophthalmology

Acquired vitelliform lesions (AVL) are a different type
of VL associated with multiple retinal diseases such as
age-related macular degeneration (AMD), cuticular drusen,
tractional maculopathies, pseudoxanthoma elasticum, and
central serous chorioretinopathy [1, 7].

All the aforementioned diseases share the lack of direct
apposition between the photoreceptor outer segments and
the retinal pigment epithelium (RPE), which could delay the
phagocytosis of shed outer segment photoreceptor tips, and
lead to the accumulation of yellowish subretinal vitelliform
material [2, 6–9].

Whereas Best disease may be easily distinguished from
other VLs by the age of diagnosis or electrophysiological
study, the differential diagnosis between AOFVD and AVL
may be difficult in patients without familial history of disease
or with simultaneous macular diseases.

In this study we characterize the VL in AOFVD and
AVL patients using multimodal imaging analysis, exposing
similarities and differences that could help in differential
diagnosis between the two entities in clinical practice.

2. Methods

This is a retrospective study of patients diagnosed with
AVL or AOFVD, who were evaluated in the Department of
Ophthalmology of Hospital São João, a tertiary health care
center, at Porto, between June 2011 and December 2013. The
tenets of the Declaration of Helsinki were followed and local
Ethics Committee approval was obtained.

Only eyes having previously undergone multimodal
imaging analyses (color fundus photographs, fundus autoflu-
orescence (FAF), fluorescein angiography (FA), and spectral-
domain optical coherence tomography (SD-OCT)) were
included. Color fundus photographs were obtained with
TRC-50EX mydriatic camera (TopCon Medical Systems,
Tokyo, Japan). Spectral-domain optical coherence tomogra-
phy, FAF, and FA were performed using Spectralis HRA +
OCT system (Heidelberg Engineering, Heidelberg, Ger-
many).

For each patient we recorded age, type and laterality
of VL, associated macular lesions, baseline and final best-
corrected visual acuity (VA) using ETDRS charts, and follow-
up period. Loss of VA was analyzed as a continuous variable
for each letter lost. Vitelliform lesions were evaluated for
their stage, integrity of external limiting membrane and the
assumed inner segment/outer segment junction (classified as
present, absent, or disrupted), intraretinal fluid, and hypore-
flective area in the subretinal space both at the baseline and
at the final consult. The shape of VL was classified as round
or irregular and the location was determined by the foveal
topographic relationship and symmetry, being categorized as
central or eccentric to the fovea.

Quantitativemeasurements of anatomical features (great-
est linear dimension (GLD) and lesion height (LH)) were
recorded using the calipers provided by the review software
of the Spectralis HRA + OCT, similar to the method used by
Freund et al. [2].

Patients were divided into two groups, AOFVD and
AVL, according to familial history and the absence of other

Table 1: Summary of clinical findings. Results are expressed as
follows: ∗median, 25th–75th percentiles and †absolute number, %.
AVL, acquired vitelliform lesions; AOFVD, adult-onset foveomacu-
lar vitelliform dystrophy.

Patient characteristics AVL AOFVD p value
Age (years)∗ 79 (69–82.50) 73 (61.25–78) 0.210
Male gender† 5 (38.5%) 3 (50%) 0.506
Bilateral cases† 3 (23.1%) 6 (100%) 0.013
Presence of AMD† 7 (53.8%) 0 (0%) 0.044

previous retinal diseases in the former. In both groups, a
normal Arden Index was an obligatory finding. Cases with
baseline choroidal neovascularization were excluded. During
the follow-up, no patient has received any treatment, such as
cataract surgery or CNV intravitreal injections.

Statistical calculations were performed using Statistical
Package for Social Sciences (version 20.0; SPSS, Inc., Chicago,
Illinois, USA). Descriptive analysis was performed for all
variablesmeasured. Categoric variables were compared using
the chi-square test, and differences for quantitative variables
were analyzed by Mann-Whitney U or Kruskal-Wallis test.
The association between VA and quantitative measures of
lesion was analyzed by Kendall’s tau test. The chosen level of
statistical significance was 𝑝 < 0.05.

3. Results

Twenty-eight eyes of nineteen patients were included in this
study. Thirteen patients were diagnosed with AVL (16 eyes)
and six with AOFVD (12 eyes). The median follow-up was 10
months, being the 25th–75th percentiles [5–29]. The groups
were followed up by a similar median (𝑝 = 0.782)—the AVL
group was followed up by a median of 9 [7; 22] months and
AOFVD by 11 [5; 28] months.

A summary of patient characteristics in each group is
presented in Table 1. In our case series, VLs were more
frequent in patients in their eighth decade and a slight female
predominance was observed. We found no statistical differ-
ences in the demographic characteristics between the two
groups.

3.1. Fundoscopic Findings. At presentation, the majority of
lesions were stage II, with the classic egg-yolk pattern being
present in 8 eyes (50%) of AVL patients and in 7 eyes
(58.33%) of AOFVD group. This difference did not achieve
statistical significance (𝑝 = 0.461). Pseudohypopyon was
observed in 5 patients (31.25%) in AVL group, compared
with 2 cases (16.7%) in AOFVD, which also represented a
nonsignificant difference between groups (𝑝 = 0.662). The
presence of vitelleruptive stage was also evenly distributed
between groups (3 eyes versus 2 eyes,𝑝 = 0.662). Atrophywas
only verified in one AOFVD case.

Unilateral VLs were present only in AVL group. On the
other hand, bilateral VLs were found in 3 AVL patients
(23.1%) and in 6 AOFVD patients (100%), being significantly
associated with the adult-onset disease (𝑝 = 0.013).
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(a) (b)

(c)

(d)

Figure 1: Multimodal imaging of AVL. (a) Color photograph showing an AVL associated with sparse drusen. (b) FAF reveals
hyperautofluorescence corresponding to the yellowish material in the color photograph; VL is irregular and in an eccentric position related
to the fovea. (c) SD-OCT shows hyperreflective material within the subretinal space. (d) FA revealing blocked fluorescence bymaterial within
the subretinal space in the early phases and staining of the AVL during the late phases of angiogram. AVL, acquired vitelliform lesion; FAF,
fundus autofluorescence; VL, vitelliform lesion; SD-OCT, spectral-domain optical coherence tomography; FA fluorescein angiography.

The shape and location of the VL were significantly
different in the two groups. Regular and centered lesions were
associated with adult-onset type (𝑝 = 0.004 and 𝑝 = 0.016,
resp.), whereas irregular and eccentric lesions were more
frequent in acquired disease (Figures 1 and 2).

3.2. OCT Findings. Vitelliform lesions observed in the fun-
doscopic examinationwere topographically correspondent to
hyperreflective material localized between RPE and Ellipsoid
Zone or ELM in SD-OCT (Figures 1 and 2). All clinical and
OCT findings in the affected eyes are compared in Table 2.

A disrupted Ellipsoid Zone was statistically associated
with adult-onset type of disease both at first and at last clinical
evaluation (𝑝 = 0.020 and 𝑝 = 0.049). In acquired form,
either the integrity or the absence of this line was more com-
mon than a disruption. There was no relation between the
integrity of Ellipsoid Zone and the initial or final VA (𝑝 =
0.131 and 𝑝 = 0.384, resp.).

Initial median LH was 142.5 𝜇m in AVL patients and
118.5 𝜇m in AOFVD cases. This intergroup difference did not
achieve statistical significance (𝑝 = 0.452). At the last follow-
up visit, LH measurements were not significantly different
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(a) (b)

(c) (d)

(e) (f)

Figure 2: Multimodal imaging of AOFVD. (a) Color photograph showing a VL associated with cuticular drusen. (b) FAF reveals
hyperautofluorescence corresponding to the yellowish material in the color photograph; the contours of VL are regular and are centered
to the fovea. ((c) and (d)) SD-OCT shows hyperreflective material within the subretinal space in right and left, respectively. (e) FA revealing
blocked fluorescence by subretinal material in early phases of angiogram in both eyes, with associated ring of hyperfluorescence in left eye. (f)
Staining of VL in the late stages of angiogram. AOFVD, adult-onset foveomacular vitelliform dystrophy; VL, vitelliform lesion; FAF, fundus
autofluorescence; SD-OCT, spectral-domain optical coherence tomography; FA, fluorescein angiography.

Table 2: Summary of visual acuity andOCT findings. Results are expressed as follows: ∗median, 25th–75th percentiles and †absolute number,
%. AVL, acquired vitelliform lesions; AOFVD, adult-onset foveomacular vitelliform dystrophy; VA, visual acuity; LH, lesion height; GLD,
greatest linear dimension; IS/OS, inner segment/outer segment; ELM, external limiting membrane.

AVL AOFVD 𝑝 value
Initial VA (letters)∗ 67.5 (62.25–77) 64.5 (51.25–72.25) 0.347
Final VA (letters)∗ 65.5 (54.75–73) 61 (54.75–73.75) 0.909
Difference in VA (letters)∗ −4 (−9–4.75) 2 (−19.75–18.50) 0.260
Initial LH (𝜇m)∗ 142.5 (106.5–168) 118.5 (85.75–170.25) 0.452
Final LH (𝜇m)∗ 125.5 (101.75–226.25) 189 (121.25–285.75) 0.291
Difference in LH (𝜇m)∗ 27 (−15–44.5) 12 (1–142.25) 0.892
Initial GLD (𝜇m)∗ 864 (555.25–1505) 736 (487.75–960.75) 0.336
Final GLD (𝜇m)∗ 761.5 (567.5–1128) 1355 (737.75–2033.75) 0.213
Difference in GLD (𝜇m)∗ 33.5 (−3.75–273.50) 163.5 (−31–1238) 0.616
Pseudohypopyon† 5 (31.25%) 2 (16.7%) 0.662
Initial interrupted Ellipsoid Zone† 4 (25%) 9 (75%) 0.020
Final interrupted Ellipsoid Zone† 3 (18.75%) 7 (58.5%) 0.049
Initial integrity of ELM† 16 (100%) 12 (100%) —
Final integrity of ELM† 16 (100%) 7 (87.5%) 0.364
Initial hyporeflective subretinal space† 9 (56.25%) 8 (66.7%) 0.705
Final hyporeflective subretinal space† 9 (64.3%) 4 (50%) 0.662
Regular lesion† 4 (25%) 9 (75%) 0.004
Centered lesion 7 (43.75%) 11 (91.7%) 0.016
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between groups (𝑝 = 0.291). However, in AVL group, when
comparing the initial and final measurement of LH, there
was significative shrinkage (142.5 versus 125.5, 𝑝 = 0.009),
which was not the case in AOFVD group (118.5 versus 189,
𝑝 = 0.348).

Greatest linear dimension of VL was also similar when
we compare the two groups, at both the initial and the last
follow-up visit (𝑝 = 0.336 and 𝑝 = 0.213). Once again, in the
AVL group there was shrinkage, with initial and final mea-
surements being statistically different (864 versus 761.5, 𝑝 =
0.001), while in AOFVD group growing was not significant
(736 versus 1355, 𝑝 = 0.188).

We were not able to measure VL of 10 eyes in the final
observation: 4 patients lost follow-up (6 eyes), 1 developed
CNV (1 eye), 2 evolved to vitelli-disruptive-like stage of the
disease (2 eyes), and 1 AOFVD case presented an atrophic-
like stage of the disease in one eye.

3.3. FAF Findings. Vitelliform lesions were hyperautofluo-
rescent in FAF exams (Figures 1 and 2). In some cases with
pseudohypopyon, FAF revealed a hypoautofluorescent supe-
rior half and a hyperautofluorescent bottom half. Some cases
evolved to vitelli-disruptive stage and one AOFVD case pre-
sented the atrophic stage of the disease. In either case, residual
macular lesions were hypoautofluorescent, revealing damage
to the RPE.

3.4. Angiographic Findings. In each patient, FA showed early
hypofluorescence of the yellowish subretinal VL (Figure 1),
occasionally with a halo of hyperfluorescence (Figure 2).
A progressive late staining of VL was observed during the
angiogram (Figures 1 and 2). Cuticular drusen presented a
typical “stars in the sky pattern” in FA. One case developed
CNV during the follow-up period.

3.5. Additional Findings. ConcerningAVL group, early AMD
was the most frequent concurrent disease, being found in 7
cases.

We found a correlation between loss of VA and increasing
GLD (𝑝 = 0.034) and a tendency to an increase in thickness
(𝑝 = 0.058).

4. Discussion

This study exposed both similarities and differences between
AVL and AOFVD patients in a multimodal assessment.
Bilateral VLs with regular shape, central location, disrupted
Ellipsoid Zone, and the absence of other fundoscopic findings
were significantly associated with AOFVD. On the other
hand, VA, LH, and GLD did not appear to be distinctive
features between these two different clinical entities.

The knowledge aboutVLs has improved significantly over
the last years. In this regard, SD-OCT was determinant to
localize vitelliform material in the subretinal space, between
RPE and Ellipsoid Zone [3, 8]. Fundus autofluorescence
also proved to be useful in the controversial theme regard-
ing the composition of vitelliform material, since typical
hyperautofluorescence of VL was consistent with previous
histopathological findings of outer segmentmaterial,melanin

granules, and “lipofuscin-like” material [6, 9]. Fluorescein
angiography is a keystone in the diagnosis of retinal disease,
and it has been fundamental to identify several distinct
entities associated with VL, particularly in AVL patients [2].

It is well known that all VLs share a yellowish appearance
in fundoscopic evaluation, a subretinal location and homoge-
neous hyperreflectivity in SD-OCT, hyperautofluorescence in
FAF, and a similar behavior during FA [2, 4, 6, 9, 10].Theoreti-
cally, we can distinguish these patients by the age of diagnosis,
familial history, and the presence or absence of associated
diseases. However, in clinical practice, this distinction is often
difficult since we frequently consult patients for the first time
in their sixth to eighth decade, with simultaneous retinal
diseases and unknown familial ophthalmological history. In
fact, the age of diagnosis in our serieswas not significantly dif-
ferent between the AVL and AOFVD group. Bilateral disease,
although not exclusively, was associated with AOFVD and
unilateral disease was present only in the AVL group. This is
consistent with a genetic predisposition of AOFVD patients.
The association found betweenAVL and simultaneous retinal
diseases, namely, early AMD, was previously reported by
several authors and expected according to the diagnostic
criteria used for the two groups [2, 6, 9, 11, 12].

We found no statistical difference in VA, LH, and GLD
between groups, both at initial and at final observation. How-
ever, during the follow-up, we recorded a significant decrease
inmedian LH andGLD in theAVL group.On the other hand,
AOFVD lesions became larger and thicker at an apparent
larger scale but failed to demonstrate a statistically significant
change. This finding could be explained by the different
etiologies of these two clinical entities. In AVL patients, VLs
are secondary to an underlying retinal disease and could tend
to evolve earlier to atrophy. Contrarily, in AOFVD patients
VLs occur as a result of a genetic predisposition, becoming
atrophic only at later stages. Further studies are necessary to
validate this different clinical course between the two entities,
namely, the earlier progression to atrophy in AVL patients.

Pseudohypopyon and hyporeflective areas in the sub-
retinal space were not distinctive characteristics between
groups. Nevertheless, one must add that pseudohypopyon
was observed in 31% of AVL patients, a finding considered
to be rare in these patients [2]. A recent report by Gonçalves
et al. also presented a case of AVL in a patient with cuticular
drusen diagnosed in pseudohypopyon stage [13].This patient
evolved to a stage similar to vitelli-disruptive stage described
in Best disease, maintaining a good VA, probably due to a
preserved Ellipsoid Zone [1, 2]. In our series, we did not
find an association between VA and the integrity of Ellipsoid
Zone. Contrasting with previously published series, we found
a statistically significant correlation between loss of VA and
increasing GLD [2].These findings could be explained by the
size of our sample.

Themain distinctive features we found between AVL and
AOFVD groups in multimodal imaging were morphological,
namely, the shape of VLs and their topographic relationship
with the fovea. There was a strong association of centrally
located and regular ovoid VL in AOFVDpatients, as opposed
to irregular shaped and eccentrically locatedVL inAVL cases.
In 1974, Gass first described retinal findings in AOFVD as
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“round or oval, yellow, subretinal lesions in the foveal area
of each eye” [14]. On the contrary, later studies reported
significant variability in size and shape of VL both in
AOFVD and in AVL patients [1, 2, 5, 7, 15]. The size of our
sample could partially explain the statistical significance of
our morphological findings. However, since acquired lesions
develop from previous retinal diseases, this could define their
variable location and shape, leading us to believe that in
clinical practice more VLs will be eccentric and irregular in
AVL patients when compared to AOFVD.

Our study has several limitations,mostly related to its ret-
rospective nature.The sample sizewas also small, limiting our
ability to detect further statistic correlations or differences.
We included both eyes of some patients in the analysis, which
may influence the results, though it is partially controlled
by the statistical methods used. We measured VL with the
caliper function of SD-OCT, which, despite being used in
other studies, could introduce some variability in LH and
GLD values.

5. Conclusions

When consulting a patient presenting aVLwith unknown age
of onset, familial history, or previous retinal diseases, some
aspects of multimodal imaging assessment may lead the oph-
thalmologist to a correct diagnosis of either AVL or AOFVD.
These features may comprise laterality, shape, VL location in
relation to fovea, and its size evolution.
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This retrospective quality control study aimed at comparing resolution in patients treated with intravitreal ocriplasmin (IVO)
using two injection techniques, classical injection procedure (unguided) and targeted injection using a surgical microscope with
a 30-gauge 1-inch needle (guided) for the treatment of focal VMT without macular hole. The two groups presented a statistically
significant difference in terms of resolution of VMT within the first month following treatment: 1/7 for the unguided group versus
6/7 for the guided group (𝑝 = 0.0291). The majority of the guided group presented an earlier resolution than the single resolved
case in the unguided group.The results of this preliminary study indicate that the injection of ocriplasmin closer to the site of VMT
results in the resolution in a higher number of cases and that this resolution occurs in a short time interval.

1. Introduction

The scaffold of the vitreous is composed of collagen fibers
(mostly type II) and hyaluronic acid and the posterior
vitreous cortex is a complex structure. In the aging eye, after
age 40, the vitreous gel begins to liquefy involving nearly 50%
by age 80, a process called synchysis. During this time the
posterior vitreous scaffold normally detaches from the retina
with fluid filling the intervening space.

Vitreomacular traction (VMT) occurs when the vitreous
separates from the retina throughout the peripheral fundus
but remains adherent posteriorly, causing an anteroposterior
traction on a small region encompassing the macular and
optic nerve disc. Symptoms include vision impairment and
metamorphopsia, accompanied by photopsia. VMT syn-
drome is associated with a broad spectrum of maculopathies,
including cystoid macular edemas, epiretinal membranes
(ERM), and macular holes (MH) [1–3].

Current treatment options include intravitreal injec-
tions with pharmacological agents that induce an enzymatic

vitreolysis to induce complete VMT resolution. One of these
pharmacological agents, ocriplasmin (Jetrea, Thrombogen-
ics, Leuven, Belgium), was approved in October 2012 by
the United States Food and Drug Administration for the
treatment of symptomatic VMT [4]. It was reported to have
a superior efficacy for VMT resolution compared to placebo
injection in phase III randomized, controlled trials [4].

Although intravitreal injections are considered a corner-
stone of retinal care and one of the most commonly per-
formed procedures across all specialties, the technique is still
undergoing evolution. Currently, the principle debates con-
cerning intravitreal injections concern the gauge of the needle
and the angle/path of scleral penetration [5, 6]. An important
aspect of this procedure that has not been adequately evalu-
ated concerns the site in which the agents are released.

For over twenty years, forensic pathologists have known
the importance of extracting all of the vitreous humor for
analysis given that it presents variations in solute concentra-
tion if sampled in the center or in periphery [7]. Filas et al.
reported that in vivo vitreolytic agents cause the vitreous to
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(a) (b) (c)

Figure 1: (a) The unguided injection techniques as suggested by the manufacturer. (b) Additional equipment (30-gauge 1-inch long needle,
surgical microscope, and direct contact lens) used for the guided injections. (c) Detail of the injection site release which was not less than
3mm.

contract and to lose its capacity to bind water with digestion.
They also found that proteins spanning the vitreoretinal inter-
face are not affected by hyaluronidase and concluded that
these combined effects could exacerbate traction. This could
explain why transient vision loss is observed after intravitreal
injections [8]. de Smet et al. also recommended injecting the
enzyme close to the VMT in order to improve effectiveness
[9]. Based on these results we decided tomodify our injection
procedure by performing a standard intravitreal injection
procedure with a surgical microscope equipped with an OCT
scanner in an operating room setting and a longer needle in
order to release the pharmaceutical agent closer to the VMT.

This retrospective quality control study aimed at compar-
ing resolution in patients treated with intravitreal ocriplas-
min (IVO) using two different injecting techniques, standard
injection procedure (unguided) and proximal injection using
a surgical microscope and a 30-gauge 1-inch needle (guided)
for the treatment of focal VMT without macular hole (MH).

2. Patients and Methods

This quality assessment [10] nonrandomized retrospective
consecutive case series study adhered to the tenets of the
Declaration of Helsinki and received approval from an insti-
tution review board. The first fourteen consecutive patients
with VMT without MH treated with intravitreal ocriplasmin
with two different injecting techniques between June 2014
and September 2015 at the Ophthalmic Clinic of University
Chieti-Pescara (Italy) were enrolled. Informed consent was
obtained from all patients prior to their enrollment. Patients
underwent complete ophthalmic evaluation, including Log-
MAR visual acuity (VA) testing, and spectral-domain optical
coherence tomography (SD-OCT) at baseline and follow-up
controls.

2.1. Outcome Measures. The primary outcome measure was
VMT resolution. Secondary outcomes were time to resolu-
tion, visual acuity, and central macular thickness measured
with OCT.

Following injection, patients were visited one day after
injection, and at five-day intervals for 30 days. They were
also instructed to present within 24 hours if they noted a
modification in their vision. During the first follow-up visit
the treated eye was uncovered, VA was assessed, and an
OCT was acquired. Visual acuity was assessed with the Early
Treatment Diabetic Retinopathy Study (ETDRS) chart and
standardized measurement criteria [11].

SD-OCT images were acquired through a dilated pupil
using an RTVUE XR Avanti (version 2015.100.0.35, Optovue
Inc., Fremont, CA) andRTVue-100 (Optovue version 5.1.0.90,
Fremont, CA). Each evaluation was performed with both
instruments and included a cross-line (10.00mmscan length)
and a 5mm × 5mm retinal map for central macular thickness
(CMT). In addition, RTVUE XR Avanti was used to obtain
enhanced HR line 12mm scan length. Scans were evaluated
by a single experienced ophthalmologist for the presence of
VMT (vitreous adhesion within six mm of the fovea and
elevation of the posterior vitreous cortex), for VMT release
(defined as vitreous release from the macula within a six mm
central retinal field), and for the absence of MH.

2.2. Intravitreal Injection Techniques. The unguided standard
injection procedure (unguided; Figure 1(a)) was performed
according to the manufacturer’s instructions (http://jetrea
.com/wp-content/uploads/JETREAPrescribingInformation
.pdf). Briefly, after the content of the vial reached room
temperature, it was diluted with 0.2mL of 0.9% w/v
sodium chloride (sterile, preservative-free) using an aseptic
technique. Then 0.1mL (equivalent of 0.125mg of ocriplas-
min) was injected in the mid-vitreous area using a 30-gauge
1/2-inch injection needle, inserted 3.5–4.0mm posterior to
the limbus and aimed towards the center of the vitreous
cavity, avoiding the horizontal meridian. The injections were
performed in a sterile operating room but without using a
surgical microscope.

The guided injections (Figures 1(b) and 1(c)) were per-
formed in a similar manner except a 30-gauge 1-inch needle
was used for the injection. Also, a surgical microscope and
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Table 1: Comparison of group characteristics at baseline.

Unguided Guided 𝑝

Age (years) 71.7 ± 10.3 73.1 ± 10.2 0.799∗

Male, 𝑛 (%) 1/7 2/7 1.000∗

Adhesion size, maximum length (𝜇m) 293.27 ± 59.06 326.75 ± 48.02 0.267∗∗

Epiretinal membrane (presence) 2/7 2/7 1.000∗

Phakic lens status, 𝑛 (%) 7/7 6/7 1.000∗

BCVA baseline (logMAR) 0.43 ± 0.26 0.23 ± 0.22 0.121∗∗

Central macular thickness (𝜇m) 368 ± 79 405 ± 89 0.406∗∗
∗Fisher’s Exact Test; ∗∗two-tailed independent sample 𝑡-test.

a contact retinal lens were used to determine the depth
of insertion in order to guarantee that the area of release
corresponded to the site of VMT (not less than 3mm
from the retinal plane). An intraoperative spectral-domain
OCT system integrated into a surgical microscope (Rescan
700 iOCT: Zeiss, Oberkochen, Germany) and evaluation of
the shadow produced by the needle on the retinal surface
were used to determine the distance from the retina during
intravitreal injection.

2.3. Statistical Analysis. All statistical analyses were per-
formed using SPSS 22 (IBM, Armonk, NY) and evaluated at
an alpha level of 0.05. Differences in baseline parameters were
evaluated with Fisher’s Exact Test (qualitative parameters)
and two-tailed independent sample 𝑡-test with correction for
results of Levene’s Test for Equality of Variances (quantita-
tive parameters). The primary outcome was evaluated with
Fisher’s Exact Test. The statistical significance of differences
in the temporal distribution of VMT resolutionwas evaluated
using Kaplan-Meier Survival Curves. Statistically significant
variations of VA and CMT within group between time
points and between groups with single time points were
evaluated using two-tailed pair 𝑡-tests and Mann-Whitney
Tests, respectively.

3. Results

All patients successfully completed follow-up.The two groups
of seven patients did not present statistically significant
differences in terms of age, sex, phakic lens status, and best
corrected visual acuity (Table 1).

The two groups presented a statistically significant dif-
ference in the main outcome measure (resolution of VMT)
within the first month following treatment: 1/7 for the
unguided injection group versus 6/7 for the guided injection
group (𝑝 = 0.0291, Fisher’s Exact Test, Figure 2).TheKaplan-
Meier Survival Curve analysis of the temporal distribution of
VMT resolution indicated a statistically significant difference
between the two groups (𝑝 = 0.004, Figure 3). The majority
of the guided injection group (Figure 4) presented an earlier
resolution than the single resolved case in the unguided
injection group.

Statistically significant intergroup differences for VA and
CMT at the three time points were not observed (Figure 5).
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Figure 2: Distribution of patients presenting resolution of VMT
within the first month following injection.
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Figure 3: Kaplan-Meier Survival Curves of the temporal distribu-
tion of VMT resolution.
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Table 2: Secondary outcomemeasurements: Groupmean of themodifications in visual acuity (logMAR) and central macular thickness (𝜇m)
of individual patients between time points.

Time (days)
0 versus 5 days 0 versus 30 days 5 versus 30 days

VA (logMAR) Mean variation 𝑝 Mean variation 𝑝 Mean variation 𝑝

Unguided injection 0.1 0.111 0.2 0.011 0.1 0.045
Guided injection 0.3 0.003 0.3 0.003 0.3 0.356
CMT (𝜇m) Mean percentage variation 𝑝 Mean percentage variation 𝑝 Mean percentage variation 𝑝

Unguided injection 23 0.251 46 0.045 48 0.293
Guided injection 85 0.004 66 0.005 −20 0.218
𝑝: two-tailed pair 𝑡-test.

Figure 4: Cross-sectional optical coherence tomography images showing patients (from A to F) before (top) and after (bottom) resolution
of vitreomacular traction after intravitreal guided injection of ocriplasmin.

When the intrapatient variation was evaluated, statistically
significant differences in VA were observed between baseline
and five and thirty days for the unguided group and between
baseline and five and thirty days for the guided group
(Table 2).

Statistically significant differences in CMTwere observed
between baseline and thirty days for the unguided group and
between baseline andfive and thirty days for the guided group
(Table 2).

4. Discussion

In this study we investigated the efficacy of ocriplasmin for
VMT when using two different injecting procedures. The
resolution of VMT was observed in 1/7 of patients in the
unguided injection group and in 6/7 of patients in the guided
injection group. In phase III clinical trials, the resolution of
VMT after ocriplasmin injection was reported to be 26.5%

ranging from 41% to 75% with higher percentages in patients
with age less than 65 years, focal adhesions less than or equal
to 1500mm, phakic lens status, and absence of epiretinal
membrane [12–14].

Previous studies reported comparable percentages of
VMT resolution ranging from 42.1% to 66.7% [13, 15].
In our case series, patients did not differ significantly for
baseline characteristics such as age (14/14 were more than
65-year-old), sex distribution (6/7 and 5/7 were female in
the unguided and guided group, resp.), type of VMT (focal
in 14/14 of eyes without ERM and/or MH), and lens status
(pseudophakic in 14/14 patients); thus these aspects could
not account for the differences between the two groups in
resolution rate.

It was demonstrated that injected ocriplasmin has a
high autolytic activity in vitreous and that the presence of
partially liquefied vitreous may reduce the rate of autolysis
prolonging the enzyme activity [9]. During aging the vitreous
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Figure 5: Box plot of visual acuity and centralmacular thickness. Intergroup differences at the three time points are not statistically significant.

physiologically liquefies and separates from the retina; thus it
is possible to hypothesize that, by placing the enzyme deep
inside the vitreous cavity close to the site of VMT, increasing
the probability that it will be in an area that has already under-
gone liquefaction, it will result in a high concentration and a
prolonged action of the enzyme, accounting for the quicker
andhigher percentage of resolution in the ocriplasmin guided
injection group.

The lower percentage of resolution in the ocriplasmin
unguided injection group compared to clinical trials and real
life studies was probably due to the small sample size rather
than a real difference in the study population [13, 14].

The anatomic resolution of VMT was related to a signifi-
cant CMT decrease with a mean percentage variation of 85%
from 0 to 5 days (𝑝 < 0.04) and of 66% from 0 to 30 days (𝑝 <
0.005) in the guided group compared to a mean percentage
variation of 23% from0 to 5 (𝑝 < 0.251) and 46% from 0 to 30
days (𝑝 < 0.045) in the unguided group. The related increase
of VA showed a mean variation of 0.3 logMAR from 0 to 5
and 0 to 30 days (𝑝 < 0.03) in the guided group compared to
a mean variation of 0.1 decimal in the unguided group from
0 to 5 (𝑝 < 0.11) and of 0.2 from 0 to 30 days (𝑝 < 0.011).

Other authors demonstrated a similar improvement of
macular anatomy after ocriplasmin injection. Chatziralli et al.
described a decrease of macular thickness from 389±152 𝜇m
to 263 ± 99 𝜇m for cases with VMT release [15].

Favorable results in terms of visual acuity increase in the
guided group were comparable to VA increase observed in
phase III clinical trial showing at six months: a gain of two
or more lines in 23.7% of patients treated with ocriplasmin
compared to 11.2% of patients in the placebo group (𝑝 <
0.001) [12]. Sharma et al. observed an improvement of two or
more lines at onemonth of follow-up and a gain of three lines

or more for a mean follow-up of 258 days in patients treated
with ocriplasmin for VMT [16].

This study presents several limits. Adverse events were
not evaluated in this study given the low incidencewithwhich
they occur and the small sample size. Transitory vision loss
was not evaluated since treated eyes were patched for the first
24 hours. Another limit of this study was the sample size.
Therefore, prior to drawing conclusive results, a similar study
should be performed in a larger study population using a
multicenter randomized case-control design.

The results of this preliminary study indicate that the
injection of ocriplasmin closer to the site of VMT results
in the resolution in a higher number of cases and that this
resolution occurs in a shorter time interval compared to a
standard injection technique.
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Purpose. To detect changes in optic nerve head (ONH) vascularization in glaucoma patients using spectral-domain OCT
angiography (OCT-A). Material and Method. Fifty glaucoma patients and 30 normal subjects were evaluated with OCT-A
(AngioVue®, Optovue). The total ONH vessel density and temporal disc vessel density were measured. Clinical data, visual field
(VF) parameters, and spectral-domain OCT evaluation (RNFL: retinal nerve fiber layer thickness, GCC: ganglion cell complex
thickness, and rim area) were recorded for glaucoma patients. Correlations among total and temporal ONH vessel density and
structural and VF parameters were analyzed. Results. In the glaucoma group, total and temporal ONH vessel density were reduced
by 24.7% (0.412 versus 0.547; 𝑝 < 0.0001) and 22.88% (0.364 versus 0.472; 𝑝 = 0.001), respectively, as compared with the control
group. Univariate analysis showed significant correlation between rim area (mm2) and temporal ONH vessel density (𝑟 = 0.623;
𝑝 < 0.0001) and total ONH vessel density (𝑟 = 0.609; 𝑝 < 0.0001). Significant correlations were found between temporal and total
ONH vessel density and RNFL, GCC, VF mean deviation, and visual field index. Conclusion. In glaucoma patients OCT-A might
detect reduced ONH blood vessel density that is associated with structural and functional glaucomatous damage. OCT-A might
become a useful tool for the evaluation of ONHmicrocirculation changes in glaucoma.

1. Introduction

Although elevated intraocular pressure (IOP) is the main
risk factor for glaucoma, high numbers of patients also
develop glaucoma with normal IOP levels [1]. Therefore,
other risk factors and in particular vascular risk factors have
been implicated in the pathogenesis of glaucoma [2]. These
vascular factors include autoregulation of the blood flow
(BF) in the optic nerve head (ONH), local vasospasm, arte-
rial hypertension, and nocturnal hypotension [3]. Impaired
microcirculation in the ONHmay contribute to the initiation
and progression of glaucomatous neuropathy. BF in theONH
is supplied by two arterial systems: the central retinal artery
in superficial layers and the posterior ciliary artery in deeper
layers (prelaminar and lamina cribrosa and retrolaminar

structures) [4]. It has been proposed that themain pathologic
changes in glaucoma are located in the deep ONH region,
supplied by ciliary arteries [5].

Consequently, several techniques have been proposed
to measure optic disc perfusion [6, 7]. Laser Doppler
velocimetry has been used to identify the maximum BF
velocity present in large retinal vessels [6]. Other methods
such as scanning laser Doppler flowmetry [8] and laser
speckle flowgraphy [9] were also developed to measure disc
perfusion. Doppler optical coherence tomography (OCT) has
been used to measure the total retinal blood flow around
the ONH [10]. Using this imaging technique, BF in large
vessels of the ONH can be quantified, but the study of the
microvascular structure is impossible due to the low velocity
of the BF in small vessels.Themicrospheremethod, amethod
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based on radioactive solid microspheres injected into the
systemic circulation, has also provided evidence that the laser
speckle flowgraphy is capable of assaying BF in the deepONH
region but only in experimental glaucoma models [11].

More recently, Jia et al. developed a new method
to study in vivo the ONH microcirculation in glaucoma
patients: the split spectrum amplitude-decorrelation angiog-
raphy (SSADA) algorithm [12]. It provides high-quality three-
dimensional (3D) angiography using ultra-high-speed swept-
sourceOCT [13].These authors found reduced disc perfusion
in a group of patients with early glaucoma and established
a link between ONH vessel density and visual field pattern
standard deviation (PSD) using a custom swept-source OCT
device [14]. The OCT angiography with SSADA may be
more reliable than LSFG or LDF, offering better intravisit
repeatability and intervisit reproducibility [14–16].

The objective of the present study was to detect changes
in ONH vascularization by comparing normal subjects and
glaucoma patients using a commercial spectral-domain OCT
angiography (OCT-A) device.

2. Methods

2.1. Study Population. This cross-sectional observational
study was conducted at the Quinze-Vingts National Ophthal-
mology Hospital, Paris, France, from January to September
2015 after approval of our Institutional Review Board. The
study adhered to the tenets of the Declaration of Helsinki
and informed consentwas obtained fromall subjects. Patients
followed up at the Quinze-Vingts National Ophthalmology
Hospital for glaucomawere consecutively included. Inclusion
criteriawere chronic glaucomadefined as glaucomatous optic
disc neuropathy and characteristic visual field (VF) loss based
on the criteria of the Ocular Hypertension Treatment Study
[17]. The glaucomatous VF loss was defined as a glaucoma
hemifield test graded “outside normal limits” and a cluster
of three contiguous points at the 5% level on the pattern
deviation plot, using the threshold test strategy with the 24-2
test pattern of the Humphrey Field Analyzer II [18]. Patients
with diabetic retinopathy, other diseases thatmay cause visual
field loss or optic disc abnormalities, and inability to clinically
view or photograph the optic discs due to media opacity or
poorly dilating pupil were excluded.

For all glaucoma patients, the following data were
recorded: age, gender, best corrected visual acuity (BCVA) on
a logarithmic scale, IOP (mmHg), central corneal thickness
(CCT), type of glaucoma, and cup/disc ratio. IOP was
measured using the Goldmann applanation tonometer. For
each eye, IOP value represented the mean value of two IOP
readings. CCT was measured with an A-scan ultrasound (A-
Scan Pachymeter, Ultrasonic, Exton, PA, USA). The mean
retinal nerve fiber layer (RNFL) thickness, mean ganglion
cell complex (GCC) thickness, and disc rim area were also
evaluated (Cirrus® spectral-domain OCT, Carl Zeiss Meditec
Inc., Dublin, IE). VF tests were performed with a Humphrey
Field Analyzer II (Carl Zeiss Meditec Inc.) set for 24-2 to
collect mean deviation (MD), pattern standard deviation
(PSD), and the visual field index (VFI). The Bascom Palmer
(Hodapp-Anderson-Parrish) glaucoma staging system (GSS)

based on VF results was selected to classify patients as having
mild, moderate, and severe glaucoma [19].

Healthy age-matched controls were also included. Nor-
mal subjects had IOP < 21mmHg with clinically normal
ONHandnohistory of ocular or systemic disease. For control
subjects, demographic data and IOP were recorded.

2.2. Optical Coherence Tomography. We used the commer-
cially available spectral-domain OCT RT XR Avanti with the
AngioVue software (Optovue, Inc., Fremont, CA, USA). It
detects BF in an acquired volume using the SSADA [12]. The
instrument used for OCT-A images is based on the AngioVue
Imaging System (Optovue, Inc., Fremont, CA,USA) to obtain
amplitude decorrelation angiography images. This instru-
ment has an A-scan rate of 70,000 scans per second, using
a light source centered on 840 nm and a bandwidth of 50 nm.
Each OCT-A volume contains 304 × 304 A-scans with two
consecutive B-scans captured at each fixed position before
proceeding to the next sampling location. Split spectrum
amplitude-decorrelation angiography was used to extract
the OCT angiography information. Each OCT-A volume is
acquired in three seconds and two orthogonal OCT-A vol-
umes were acquired in order to perform motion correction
tominimizemotion artifacts arising frommicrosaccades and
fixation changes.

The software analyzes the amplitude of variation of
the OCT signal over time for every location acquired and
calculates decorrelation. Static tissue yields low decorrelation
values as the signal varies a little over time, and BF yields high
decorrelation values becausemoving red blood cells cross the
OCT beam and cause the signal amplitude to vary rapidly
over time. A threshold decorrelation value is therefore used to
discriminate BF from static tissue [20, 21]. The angiography
information displayed was the average of the decorrelation
values when viewed perpendicularly through the thickness
evaluated. This maps all the detected vessels in the acquired
volume.TheAngioVue software (Optovue) can then calculate
a quantitative variable: the total surface of the flowing vessel
on the en face projection. The right eye from each normal
subject was scanned. For glaucoma patients, we decided to
analyze the most severe eye as determined by the MD 24-2.

2.3. Image Acquisition and Processing. First, each subject
underwent one set of two scans on the macular region. The
SSADA algorithm requires the user to define a threshold
of detection of circulating vessels [13]. Jia et al. described
a method to calculate the appropriate threshold. The cen-
tral avascular zone was defined as a noise region and the
mean decorrelation value of the whole avascular zone was
calculated. A threshold one standard deviation above the
mean avascular decorrelation valuewas defined as circulating
vessels.

Then we performed one set of two 3 × 3mm scans
on the ONH. We used the neural canal opening, which
is the termination of the retinal pigment epithelium/Bruch
membrane complex, to define the ONH margin [22]. The
volumes analyzed were defined by both a circular surface on
the en face projection and the anteroposterior boundaries,
thus creating a cylinder. A circle on the en face projection
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Figure 1: Total (a) and temporal (b) ONH acquisition in a normal patient. Total (c) and temporal (d) ONH acquisition in a glaucoma patient.

and anteroposterior limits defines each cylinder. We studied
the total ONH flow area (mm2), representing the number
of vessels, detected from all the depths of the disc, from
the top of the ONH (inner surface) to the lamina cribrosa.
Next, the total ONH vessel density (%) was calculated by
dividing flow area by the optic disc surface (𝜋𝑅2). The
ONH temporal region (determined by the temporal disc
between the temporal arteries and veins) was also studied
to avoid BF due to major superior and inferior branches
of retinal vessels in order to focus on the ONH laminar
microvasculature (Figure 1). Then we measured the temporal
disc flow area (mm2) and calculated the temporal disc
vessel density by dividing the temporal disc flow area by
the temporal disc surface (𝜋𝑅2 temporal). The total and
temporal optic disc vessel densities, obtained as the ratio
of the optic disc flow area to the optic disc surface, were
calculated to account for the intereye differences in total
and temporal optic disc surface areas. Image quality was
determined for all OCT-A scans. Poor quality images with a
signal strength index (SSI) < 40 or image sets with remaining
motion artifacts were excluded from the study analysis
[23].

2.4. Reproducibility and Repeatability. Measurement repeata-
bility of the disc flow area was evaluated from three sets
of acquisitions from a subset of 6 normal subjects within
a single visit. The intravisit coefficient of variation (CV)
was calculated by comparing these three measurements.
Intervisit reproducibility was obtained from three sets of
scans performed on three separate visits from the same subset
of normal subjects.

2.5. Statistical Analysis. Mann-Whitney tests were used to
compare the average values of the measurements between
normal and glaucomatous eyes. Linear regression analysis
was used in the control group to investigate whether the
measurement of ONH vessel density was affected by age,
gender, and IOP. Univariate analysis with the Pearson corre-
lation test and multivariate analysis with the ANCOVA test
were performed to study the correlation betweenONH vessel
density and other variables: age, RNFL thickness, GCC, rim
area, MD 24-2, and PSD 24-2.

3. Results

3.1. Demographic and Clinical Data. Fifty glaucoma patients
and 30 normal subjects were included in this study.There was
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Table 1: Qualitative and quantitative demographic data. IOP: intraocular pressure; F: female, M: male.

Normal Glaucoma 𝑝 value
Qualitative demographic data (𝑛 = 30) % (𝑛 = 50) %
Gender

F 17 56.7 23 46 NS
M 13 43.3 27 54

Family history of glaucoma
0 27 90 24 48 𝑝 < 0.0001

1 3 10 26 52
Ethnic origin

African 8 26.7 11 22 —
Caucasian 20 66.7 33 66
Asian 0 0 2 4
Hispanic 0 0 2 4
Maghrebi 2 6.7 2 4

Quantitative demographic data Mean SD Mean SD
Age (years) 51.1 18.1 58.4 15.9 NS
IOP (mmHg) 14.4 2.59 17.6 6.41 0.022

no difference between the two groups concerning age, gender,
and ethnic origin. A family history of glaucoma was found
in 52% of glaucoma patients and 10% of control subjects
(𝑝 < 0.0001). IOP was 17.6mmHg and 14.4mmHg in the
glaucoma and control group, respectively (𝑝 = 0.022). The
demographic data are summarized in Table 1.

Regarding the type of glaucoma, 43 patients (86%) had
open-angle glaucoma (OAG) and seven patients (14%) had
angle-closure glaucoma (ACG). Twenty-three patients (46%)
had mild glaucoma, eight (16%) had moderate glaucoma,
and 19 (38%) had severe glaucoma. Mean RNFL thickness,
GCC thickness, and rim area were 66.48 ± 12.6 𝜇m, 63.6 ±
9.07 𝜇m, and 0.786 ± 0.291mm2 in the glaucoma group,
respectively.The results of the glaucoma patients’ clinical data
are summarized in Table 2.

3.2. ONH Blood Flow Evaluation. The en face projection
angiograms showed that normal discs had a densermicrovas-
cular network, especially in the temporal region, compared
with glaucomatous discs (Figure 1). Total ONH vessel density
was reduced by 24.7% (0.412 ± 0.117 versus 0.547 ± 0.077,
𝑝 < 0.0001) in the glaucoma group as compared with the
control group. Temporal disc vessel density was significantly
reduced by 22.88% (0.364 ± 0.150 versus 0.472 ± 0.105, 𝑝 =
0.001) in the glaucoma group as compared with the control
group. Moreover, SSI and the decorrelation threshold were
higher in the control group (72.3 versus 61.8, 𝑝 < 0.0001, and
0.095 versus 0.085, 𝑝 = 0.001, resp.). The intravisit CV was
6.17%. The intervisit CV was 6.48%. The results of the ONH
BF evaluation are summarized in Table 3.

In the glaucoma group, univariate analysis showed that
total ONH vessel density was significantly associated with
structural variables including rim area (𝑟 = 0.609; 𝑝 <
0.0001), RNFL thickness (𝑟 = 0.406; 𝑝 < 0.003), and GCC
thickness (𝑟 = 0.337; 𝑝 = 0.017) (Figure 2). Total ONH vessel
density was also associated with the functional variables VFI

Table 2: Quantitative and qualitative clinical data. OAG: open-
angle glaucoma; ACG: angle-closure glaucoma. Visual field and
OCT spectral-domain testing. MD: mean deviation; PSD: pattern
standard deviation; VFI: visual field index; RNFL: retinal nerve fiber
layers; GCC: ganglion cell complex.

Glaucoma
Qualitative clinical data (𝑛 = 50) %
Type
OAG 43 86
ACG 7 14

Stage
Mild 23 46
Moderate 8 16
Severe 19 38

Quantitative clinical data Mean SD
log AV 0.142 0.239
Corneal central thickness (𝜇m) 525.8 46
Cup/disc ratio 0.821 0.153
MD 24-2 (dB) −10.5 8.91
PSD 24-2 (dB) 6.81 4.7
VFI 70.87 27.6
RNFL thickness (𝜇m) 66.48 12.6
GCC thickness (𝜇m) 63.6 9.07
Rim area (mm2) 0.786 0.29

(𝑟 = 0.339; 𝑝 = 0.017) and MD 24-2 (𝑟 = 0.301; 𝑝 = 0.038).
The results of these correlations are summarized in Table 4.
In the multivariate analysis where total ONH vessel density
was considered as a dependent variable, rim area was the
dominant explanatory variable, accounting for 38.9% of the
variance (𝑅2). In this multivariate model, RNFL thickness,
GCC thickness, and VF parameters (MD 24-2 and VFI)
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Table 3: OCT angiography measurements. SSI: strength signal index.

OCT angiography measurements Normal Glaucoma 𝑝 value
Mean SD Mean SD

Threshold 0.095 0.012 0.085 0.012 0.001
SSI 72.3 8.41 61.8 7 <0.0001
Total ONH vessel density 0.547 0.154 0.412 0.117 <0.0001
Temporal disc vessel density 0.472 0.105 0.364 0.15 0.0001

Glaucoma stage Total ONH vessel density Temporal disc vessel density
Mean SD Mean SD

Mild 0.441 0.145 0.404 0.178
Moderate 0.439 0.067 0.414 0.110
Severe 0.365 0.076 0.293 0.096

Linear regression temporal disc vessel density
with rim area (R2

= 0.389)

Linear regression total ONH vessel density
and rim area (R2

= 0.371)
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Figure 2: Linear regression analysis for temporal disc vessel density,
total ONH vessel density, and rim area.

were not statistically associated with ONH vascular density
(Table 5).

Considering temporal disc vessel density, in univariate
analysis, a correlation was observed with rim area (𝑟 = 0.624;
𝑝 < 0.0001) (Figure 2), RNFL thickness (𝑟 = 0.448; 𝑝 =
0.001), and GCC thickness (𝑟 = 0.395; 𝑝 = 0.004). Temporal
disc vessel density was also associated with VFI (𝑟 = 0.423;
𝑝 = 0.002), MD 24-2 (𝑟 = 0.385; 𝑝 = 0.007), but not
with PSD 24-2 (Table 6). In a multivariate model studying
temporal disc vessel density as a dependent variable, rim area

was also the dominant explanatory variable, accounting for
39% of the variance (𝑅2). RNFL thickness, GCC thickness,
and VF parameters (MD 24-2, VFI) were not associated with
temporal disc vessel density (Table 7).

4. Discussion

In this study, we report the use of spectral-domain OCT
angiography to measure ONH perfusion in glaucoma. We
targeted two regions, the whole disc and a temporal disc
area, to compare the two groups. We showed a significant
difference in ONH vascular density between glaucoma and
normal patients. The difference was similar for the total and
temporal vascular area, with a decrease of ONH perfusion
as compared with controls by 24.7% and 22.9%, respec-
tively. We observed a significant correlation between ONH
perfusion and structural and functional glaucoma damage.
Moreover, the multivariate regression models confirmed
the relation between disc rim area and ONH perfusion
(total and temporal vessel density). These results empha-
sized the relation between ONH BF and structural loss in
glaucoma.

In a previous similar study using a prototype of swept-
source angio-OCT, Jia et al. studied ONH total BF with the
SSADA. These authors found a correlation between the disc
flow index and PSD, but they did not observe a correlation
with structural variables such as the C/D ratio, rim area, or
RNFL thickness [14]. Although altered microcirculation is
reported to be associated with optic nerve head changes in
glaucoma [24], these authors suggested that the flow index
was independent information on glaucoma severity that is
not explained by structural variables alone. The differences
between our two studies can be explained by random vari-
ations due to the small sample size of the study reported
by Jia et al. (24 normal subjects and 11 glaucoma patients).
Moreover, most of their glaucoma patients had early-stage
disease. In our study, 38% of the patients had severe glau-
coma with advanced structural changes. The correlations we
observed between ONH perfusion and structural parameters
such as rim area, RNFL thickness, and GCC thickness could
be explained by the more advanced glaucoma cases included
in the present study. Interestingly, in these more advanced
glaucoma patients, we also found a low but significant
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Table 4: Pearson correlation coefficient matrix for visual field, structural variables, and ONH total vessel density in subjects with glaucoma.
MD: mean deviation; PSD: pattern standard deviation; VFI: visual field index; RNFL: retinal nerve fiber layers; GCC: ganglion cell complex;
total ONH density: total ONH vessel density; SSI: strength signal index. Statistically significant correlations with total ONH vessel density
are in bold.

Variable Total ONH density SSI VFI PSD 24-2 MD 24-2 GCC Rim area RNFL Age

Total ONH density r 1
p 0

SSI r 0.318 1
p 0.026 0

VFI r 0.339 0.248 1
p 0.017 0.089 0

PSD 24-2 r −0.192 −0.090 −0.595 1
p 0.185 0.544 <0.0001 0

MD 24-2 r 0.301 0.202 0.986 −0.685 1
p 0.038 0.173 <0.0001 <0.0001 0

GCC thickness r 0.337 0.230 0.580 −0.472 0.532 1
p 0.017 0.111 <0.0001 0.001 0.000 0

Rim area r 0.609 0.187 0.622 −0.581 0.628 0.598 1
p <0.0001 0.198 <0.0001 <0.0001 <0.0001 <0.0001 0

RNFL thickness r 0.406 0.201 0.649 −0.533 0.664 0.789 0.661 1
p 0.003 0.166 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0

Age r 0.166 −0.308 0.268 −0.285 0.350 0.047 0.267 0.244 1
p 0.248 0.031 0.063 0.047 0.015 0.746 0.061 0.088 0

Table 5: Multivariate model for total ONH vessel density 𝑅2 =
0.387.

Variable Slope 𝑝 value
MD 24-2 −0.002 0.870
VFI −0.001 0.955
GCC thickness −0.002 0.484
Rim area 0.269 0.000
RNFL thickness 0.002 0.445
MD:mean deviation; VFI: visual field index; RNFL: retinal nerve fiber layers;
GCC: ganglion cell complex. Statistically significant correlations with total
ONH vessel density are in bold.

correlation with VF variables in univariate analysis, as did Jia
et al.These results are also in accordancewith the study by Liu
et al. using OCT-A (RTVue-XR; Optovue, Inc.) that showed
reduced peripapillary vessel density in glaucoma patients
correlated with VF indexes [23]. In a recent study, Wang
et al. comparing optic disc perfusion with OCT-A between
62 glaucoma patients and 20 control subjects found similar
results with reduced disc vessel density in the glaucoma group
correlated with structural parameters such as the GCC [25].

The SSADA algorithm requires the user to define a
threshold of circulating vessel detection. Jia et al. described
a method to calculate the appropriate threshold using the
central avascular zone as a noise region and calculating the
mean decorrelation value of the whole avascular zone. With
their OCT-A prototype, they set the threshold two standard
deviations above the mean avascular zone decorrelation. In
the present study, using the commercially available spectral-
domain OCT RT XR Avanti with the AngioVue software
(Optovue, Inc. Fremont, CA, USA), we could not detect

obvious circulating vessels using the same threshold as Jia
et al. Therefore we set our threshold one standard deviation
above themean avascular decorrelation value.This difference
might be explained by the difference in OCT-A hardware and
software used in the two studies.

The results obtained with OCT-A confirmed the findings
of several other techniques that reported ONH BF changes
in glaucoma. Harris et al. measured ONH BF with differ-
ent imaging technologies including color Doppler imaging,
confocal scanning laser ophthalmoscopic angiography, laser
blood flowmetry, or scanning laser Doppler flowmetry and
demonstrated reduced ONH perfusion in glaucoma patients
[6, 7]. Disc BF was also investigated by fluorescein angiog-
raphy (FA) in several studies showing diffuse disc hypoper-
fusion and ONH fluorescein filling defects in glaucomatous
patients [26]. Nevertheless, FA is not commonly used for
monitoring glaucoma because of quantification problems
and its potential side effects as an invasive technique [27].
Decreased ONHBF in glaucoma patients versus controls and
increased viscosity in the papillary microvascular network
were reported with the use of the laser Doppler velocimeter
[28]. Using scanning laser Doppler flowmetry, Michelson et
al. showed decreased peripapillary retinal BF and neuroreti-
nal BF comparing glaucoma patients to control subjects [29].
Hafez et al. also found lower ONH BF in glaucoma patients
and suggested a correlation between visual field defects and
ONH perfusion [30]. Using laser speckle flowgraphy, other
authors reported reduced BF in glaucoma patients and found
a correlation between BF and MD and RNFL thickness [31].
Wang et al. confirmed a high correlation between the BF
reduction measured by laser speckle flowgraphy and the
microsphere method, providing evidence that this technique
is capable of assaying BF for a critical deep ONH region [11].
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Table 6: Pearson correlation coefficientmatrix for visual field, structural variables, and temporal disc vessel density in subjects with glaucoma.
MD: mean deviation; PSD: pattern standard deviation; VFI: visual field index; RNFL: retinal nerve fiber layers; GCC: ganglion cell complex;
SSI: strength signal index. Statistically significant correlations with temporal disc vessel density are in bold.

Variable Temporal disc density SSI VFI PSD 24-2 MD 24-2 GCC Rim area RNFL Age

Temporal disc density r 1
p 0

SSI r 0.235 1
p 0.105 0

VFI r 0.423 0.248 1
p 0.002 0.089 0

PSD 24-2 r −0.171 −0.090 −0.595 1
p 0.241 0.544 <0.0001 0

MD24-2 r 0.385 0.202 0.986 −0.685 1
p 0.007 0.173 <0.0001 <0.0001 0

GCC thickness r 0.396 0.230 0.580 −0.472 0.532 1
p 0.004 0.111 <0.0001 0.001 0.000 0

Rim area r 0.624 0.187 0.622 −0.581 0.628 0.598 1
p <0.0001 0.198 <0.0001 <0.0001 <0.0001 <0.0001 0

RNFL thickness r 0.448 0.201 0.649 −0.533 0.664 0.789 0.661 1
p 0.001 0.198 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0

Age r 0.185 −0.308 0.268 −0.285 0.350 0.047 0.267 0.244 1
p 0.199 0.031 0.063 0.047 0.015 0.746 0.061 0.088 0

Table 7: Multivariate model for temporal disc vessel density 𝑅2 =
0.390.

Variable Slope 𝑝 value
MD 24-2 0.005 0.717
VFI −0.002 0.680
GCC thickness −0.001 0.690
Rim area 0.311 0.001
RNFL thickness 0.001 0.648
MD: mean deviation; VFI: visual field index; RNFL: retinal nerve fiber
layers; GCC: ganglion cell complex. Statistically significant correlations with
temporal disc vessel density are in bold.

The use of OCT-A to evaluate ONH BF may provide a
new tool to investigate the role of the microvasculature in the
pathophysiology of glaucoma and its changes with glaucoma
progression. One of the longstanding questions is whether
reduced BF is a preexisting pathologic change or a conse-
quence of glaucomatous optic atrophy [32]. This is difficult
to determine in part because a substantial portion of retinal
ganglion cells/axons may have already become degenerated,
even at an early stage of glaucoma [33]. Compromised blood
supply and therefore reduced ocular BF due to increased
IOP or vascular dysregulation has been implicated in the
pathogenesis of the disease [7, 32]. In terms of laminar capil-
lary volume flow, Burgoyne et al. hypothesized that, within
the lamina, connective tissue IOP-related strain has both
direct and indirect effects on axonal nutrition and that axonal
ischemia can result from either IOP-induced occlusion of
the laminar capillaries (direct effect) or decreased diffusion
of nutrients (indirect effect), or both. In terms of only the
retrolaminar effects on BF, the level of IOP-related strain
within the peripapillary scleramay significantly affect volume

flow through the scleral branches of the short posterior ciliary
arteries. This hypothesis suggests that vascular mechanisms
damaging theONH are not necessarily IOP-independent and
proposes a logic for understanding the complicated interac-
tion between these three important factors (IOP, volume BF,
and nutrient delivery) within the tissues of the ONH [34].

Our study has limitations that need to be considered
when interpreting the results. Normal and glaucomatous eyes
have been classified according to the visualization the ONH
and no visual field was performed to control subjects. As
OCT-A was used to evaluate ONH vascularization, we may
have increased the chance of finding significant differences
between groups. Similarly, by selecting the worst eye of
glaucomatous patients we may have influenced the results.
Nevertheless, this limitation has not influenced the analysis
of correlation of OCT-A results and optic nerve parameters
for glaucoma patients as this group was classified according
to the results of VF.

The results of the present study suggest that spectral-
domain OCT angiography might detect reduced ONH blood
flow in glaucoma patients. These ONH blood flow changes
were associated with structural and functional glaucomatous
alterations. New studies are needed to evaluate the exact
potential of OCT-A in glaucoma.
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Purpose. To compare treatment areas and navigatedmacular laser photocoagulation (MLP) plans suggested by retro-mode scanning
laser ophthalmoscopy (RM-SLO) image versus optical coherence tomography (OCT) central retinal thickness map and treatment
planning among retina specialists.Methods.Thirty-nine eyes with diabetic or branch retinal vein occlusion-relatedME undergoing
navigatedMLPwith navigated photocoagulator had OCT and RM-SLO taken. OCTmap and RM-SLO image were imported to the
photocoagulator and aligned onto the retina. Two retina specialists placed laser spot marks separately based on OCT and RM-SLO
images in a random fashion.The spots placed by each physician were compared betweenOCT and RM-SLO and among physicians.
The areas of retinal edema on OCT and RM-SLO of the same eye were also compared. Results. The average number of laser spots
using RM-SLO and OCT template was 189.6 ± 77.4 and 136.6 ± 46.8, respectively, 𝑃 = 0.003. The average area of edema on RM-
SLO image was larger than that on OCTmap (14.5 ± 3.9mm2 versus 10.3 ± 2.8mm2, 𝑃 = 0.005) because of a larger scanning area.
There was narrow variability in treatment planning among retina specialists for both RM-SLO (𝑃 = 0.13) and OCT (𝑃 = 0.19).
Conclusion. The RM-SLO image superimposed onto the fundus of the same eye can be used to guide MLP with narrow variability
in treatment planning among retina specialists. The treatment areas suggested by RM-SLO-guided MLP plans for ME were shown
to be larger than those suggested by OCT-guided plans.

1. Introduction

Laser treatment [1] and intravitreal therapy with antiangio-
genic agents and steroids [2] are the two standard treatment
options for macular edema (ME) secondary to diabetes and
retinal vein occlusion (RVO). The latter option, although
shown by multiple studies [3, 4] to be efficacious for this
condition, involves numerous intravitreal injections, which
is associated with the cumulative risk of endophthalmitis [5].
Additionally, intravitreal antiangiogenic agents and steroids
result in an increased financial burden for the patient [6] and
increased rates of elevated intraocular pressure and cataract
[7], respectively.

Therefore, laser therapy, either alone, as an adjunct to
intravitreal antiangiogenic and steroid therapy [1, 2, 8, 9]
or as a switching therapy for non-responders to pharma-
cotherapeutic-only options [10] is still important in treating

ME. Central scotoma, loss of central vision, and decreased
color vision [11, 12] associated with progressive retinal pig-
ment epithelial atrophy are possible adverse effects ofmacular
laser photocoagulation (MLP). Novel navigated MLP has
however been shown to be safe and to improve accuracy in
photocoagulation treatments of diabetic retinopathy lesions
compared to conventional manual-technique laser treatment
[13].

Currently, the standard approach to MLP involves treat-
ing individual-leaking microaneurysms (ILMs) and/or dif-
fuse vascular leakage (DVL) [14] regions. For decades, flu-
orescein retinal angiography (FA) was the only technique
to demonstrate reliably ILMs, DVL regions and associated
ME. Since retinal edema develops mainly as a result of
retinal vascular leakage [15], in some cases of this disease,
FA-guided planning for MLP may be changed for OCT-
guided planning. Moreover, OCT-guided planning has been
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already used for navigated MLP [16–18], and it is reasonable
to expect an increase in the use of such an approach. OCT-
guided planning for MLP (for macular edema) has shown
similar results as FA-guided planning, with visualization of
the retinal edema regions of similar area and location [16, 19].

Retro-mode (RM) scanning laser ophthalmoscopy (SLO)
is another new method for visualizing the retinal edema
regions and also may have the potential to be used to guide
navigated MLP. In RM-SLO, the scattered light that passes a
deviated aperture gives a shadow to the silhouetted cystoid
spaces, allowing for clear visualization of intraretinal cystoid
spaces in retinal edema [20].

The purpose of the study was (1) to compare treatment
areas suggested by RM-SLO versus OCT and (2) to compare
navigated MLP plans using RM-SLO images superimposed
onto a color fundus photograph versus OCT thickness map
superimposed onto a color fundus photograph among retina
specialists.

2. Materials and Methods

The study was approved by the Ethics Committee of Military
Medical Academy and followed the tenets of the Declaration
of Helsinki. All patients gave written informed consent
for both participation in the study and for MPL. Before
treatment, they were explained the cause of the disease,
treatment options available to addressmacular edema, as well
as advantages and disadvantages of these options. Patients’
decision in favor of having MLP was free, conscious and
voluntary (and based mostly on economic reasons).

The inclusion criteria for this prospective, randomized
study included OCT (central foveal B scan) evidence of dia-
betic or RVO-related macular edema or RM-SLO evidence of
retinal edema (diabetic or RVO-related macular edema) for
which MLP was to be performed. Exclusion criteria included
evidence of acute or chronic uveitis, vitreoretinal traction,
fibrosis of the internal limiting membrane (with macular
involvement), central RVO, and apparent opticmedia opacity
(resulting in OCT images with a Signal Strength Index
reduced to less than 40).

2.1. MLP Technique. In all eyes of the study, navigated
MLP (NAVILAS, OD-OS Inc, Berlin, Germany) with 1%
tropicamide (Mydriacyl; Alcon-Couvreur, Puurs, Belgium)-
induced mydriasis was planned and performed following
RM-SLO and OCT imaging. The MLP-related treatment
decisions were to deliver laser to areas of retinal edema, as
per Early Treatment Diabetic Retinopathy Study (ETDRS)
guidelines.Theparameters used included a spot size of 50𝜇m,
burn spacing of 2 burn-widths apart, and areas to avoid
including the optic nerve head and central macular 2000-𝜇m
diameter area.

2.2. RM-SLO Images. RM-SLO image obtained with SLO F-
10 (NIDEK, Gamagori, Japan) was imported into the NAV-
ILAS system, superimposed onto the baseline image (i.e.,
NAVILAS color fundus image), and utilized for treatment
planning. In RM-SLO images, retinal edema was defined

as the zones with intraretinal microcysts visible as raised
structures with clearly defined boundaries.

2.3. OCT Maps. An OCT retinal thickness map (Enhanced
Macular Map 5 (EMM5) protocol) and background SLO-
type fundus photograph (7mm × 7mm) were acquired on
the spectral domain OCT system (RTVue-100, Optovue,
Fremont, CA) and imported into the NAVILAS system to
overlay them on a baseline color fundus image and to utilize
for treatment planning. In the OCT retinal thickness map,
retinal edema was defined as the zones with retinal thickness
greater than 250 𝜇m indicated by colors warmer than green.
All OCT images were obtained by a single, experienced
technician. Macular thickness map artifacts were assessed,
focusing on automatic segmentation and off-center errors,
and corrected manually as soon as scanning was completed.
Errors in automatic segmentation were corrected by manual
boundary segmentation of images on B scans. Off-center
errors, if any, were corrected through manual repositioning
of the foveal center using B scan landmarks that allow
its identification. If it was impossible to correct a retinal
thickness map manually in a proper way, rescanning and
manual post-scan correction of such errors was performed
until obtaining an adequate map for the treatment planning
for MLP.

2.4. Measurement of the Retinal Edema Area and Planning.
Two MLP specialists independently measured the area of
retinal edema on OCT maps and RM-SLO images in a ran-
dom order using the ImageJ software (NIH, Bethesda, MD).
Additionally, they performed preplanning which involved
placing laser spot marks after superimposing the OCT map
or RM-SLO image onto the baseline image (i.e., NAVILAS
color fundus image). The spots placed by each physician
were compared between RM-SLO and OCT and among
physicians. In addition, the areas of retinal edema measured
by each physician were compared between RM-SLO and
OCT and among the physicians.

2.5. Statistics. Unless otherwise stated, all the data are
expressed as the mean standard deviation (SD). The paired
𝑡-test was used to compare equivalent parameters (the area
of retinal edema and the number of spots placed by the
physician) obtained with RM-SLO and OCT. Additionally,
it was used to compare the area of retinal edema and the
number of spots placed among physicians.

3. Results

Thirty-two patients (20 women and 12 men, mean age:
65.3 ± 8.7 years) were included into the study. In 22 patients
(29 eyes), the examination revealed diabetic macular edema
which had not been treated with MLP. Ten patients (10 eyes)
were diagnosed with macular edema secondary to branch
RVO.

3.1. Quality ofOCTMaps andRM-SLO Images. Seventeen out
of 39 final OCT retinal thickness maps (43.6%) were found
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Figure 1: Artifacts in OCT retinal thickness maps that impede OCT-guided planning for navigated MLP. (a) Incorrect automated
segmentation (in B scans, a green dashed line represents automated segmentation boundaries; white arrows on the map indicate the locations
of B scans) resulting in the occurrence of zones with underestimated retinal thickness (indicated by map colors colder than red and limited
by a yellow dashed line). (b) Off-center artifact due to fixation error (green mark represents the true foveal center identified with B scans; red
mark represents the foveal center identified automatically; black lines on the map represent the locations of B scans).

to be inadequate for immediate import into the NAVILAS
systemwith the following overlay on a baseline fundus image.
The reasons for this were incorrect automated segmentation
(with underestimation of the true retinal thickness due to
misidentification of outer retinal layers [21, 22]) in 14/17 eyes,
misidentification of foveal center (off-center artifact [21, 22])
due to incompliance with the gaze fixation requirement in
2 cases, and the combination of the first two reasons in 1
case (Figure 1). In all these 14 eyes, after manual correction of
retinal boundary segmentation errors inOCTB scans, retinal
thickness maps were regenerated and found to be adequate
(i.e., having no retinal thickness measurement errors) for
OCT-guided planning for MLP. In 2 out of the 3 cases of
misidentified foveal center, a scan was slightly off-center,
and correction was made through manual repositioning of
the foveal center, whereas another case required repeating
the scan followed by manual repositioning of the foveal
center. Neither corrections nor retakes were required for
RM-SLO images, all of which were found to be adequate
for RM-SLO-guided planning for MLP. In 2/39 eyes, neither
of the two retinal specialists managed to identify the zone
of edema with confidence and to perform the treatment
planning based on OCT findings only. This was caused
by the insignificant edema height (and, consequently, poor
identification of the edema on the colormap) in one case, and
both the out-of-scan-area location of retinal edema and the
insignificant edema height in another case (Figure 2). In both
these eyes, the retinal edema was clearly visualized on RM-
SLO images, which allowed for RM-SLO-guided planning
for MLP (Figure 2); these eyes were excluded from statistical
analysis. In the rest of the eyes (𝑛 = 37; 94.9%), rather
large intraretinal cysts (i.e., larger than those at the adjacent

extrafoveal sites) were found in the foveal zone on RM-SLO
images.

3.2. Measurement of the Retinal Edema Area. The area of
edema on RM-SLO image was found to be statistically
significantly larger than that on OCT map of the same eye
by each physician (physician 1, 𝑃 = 0.004; physician 2,
𝑃 = 0.003). The average area of edema on RM-SLO image
was larger than that on OCT map (14.5 ± 4.3mm2 versus
9.1 ± 1.9mm2, 𝑃 = 0.015). However, in 24 eyes (61.5%), OCT
mapping did not allow to visualize the entire area of retinal
edema, since the edema territory exceeded the boundaries
of a 5mm × 5mm scan area (Figure 3). Therefore, in these
eyes, the comparison of the retinal edema area was redone for
OCT retinal thickness map and RM-SLO image solely within
a 5mm × 5mm scan area aligned against the foveal center
(Figure 3).

The retinal edema area measured within a 5mm × 5mm
zone of RM-SLO image (i.e., within a zone identical to a 5mm
× 5mm OCT scan area) was not statistically significantly
different from that measured onOCT of the same eye by each
physician (physician 1, 𝑃 = 0.25; physician 2, 𝑃 = 0.28). The
average retinal edema area measured within a 5mm × 5mm
zone of RM-SLO image was statistically insignificantly larger
than that measured on OCT maps (10.5 ± 2.2mm2 versus
9.1 ± 1.9mm2, 𝑃 = 0.11).

In comparison of measuring edema area on RM-SLO
images, there was no statistically significant difference among
the 2 physicians (𝑃 = 0.17). No statistically significant differ-
ence among the 2 physicians was also present in comparison
of measuring edema area on OCT maps (𝑃 = 0.19).
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Figure 2: OCT- versus RM-SLO-guided treatment plan for macular laser photocoagulation. (a) Retinal edema is visualized on the OCT
retinal thickness map (asterisk represents the foveal center). (b) OCT map is superimposed onto the baseline image. (c) Placing laser spot
marks is impossible in this case of OCT-guided planning for macular laser photocoagulation. (d) Retinal edema zones (total area, 13.12mm2)
are identified on the RM-SLO image (white dashed line represents the zone boundary; asterisk represents the foveal center). (e) RM-SLO
image is superimposed onto the baseline image. (f) In RM-SLO-guided planning for macular laser photocoagulation, the number of laser
spot marks was 198.

3.3. Spot Placing. The average number of spots using RM-
SLO images and OCT maps was 189.6 ± 77.4 and 136.6 ±
46.8, respectively, 𝑃 = 0.003 (Figure 3). In comparison of
placing laser spots based on RM-SLO images, there was no
statistically significant difference among the two physicians
(𝑃 = 0.13). No statistically significant difference among the
2 physicians was also present in comparison of placing laser
spots based on OCT maps (𝑃 = 0.19).

4. Discussion

This study demonstrates that MLP treatment planning for
diabetic or RVO-related ME can be guided by RM-SLO,
with the spots placed at the zones of visualized intraretinal
microcysts, and these zones generally conforming in size and
shape to those of increased retinal thickness (secondary to
edema) on OCT.

A key RM-SLO feature is immediate visualization of
retinal edema, whereas in OCT mapping and FA, the pres-
ence of edema is indicated only by phenomena, increased
retinal thickness and dye leakage, respectively. When the
entire edema zone was within a 5mm × 5mm region (thus
corresponding to the limitation imposed by OCT), there
was no statistically significant difference between the areas
of retinal edema visualized by RM-SLO and that found by

OCT (however, the average of the former area was somewhat
higher than that of the latter).

Previous studies have revealed no advantage of FA-guided
over OCT-guided MLP based on comparison of different
characteristics including the area of retinal edema identified
by the method [16]. Additionally, Vujosevic et al. [19] have
confirmed that RM-SLO does not suffer from the disadvan-
tages characteristic for FA. Therefore, it can be expected that
RM-SLO-guided planning for MLP will show comparable
results to those seen in FA-guided planning. Moreover, the
use of RM-SLO images can offer some advantages in planning
for navigated MLP compared with the use of OCT retinal
thickness maps.

As opposed to the OCT retinal thickness map, the RM-
SLO image, allows visualizing the edema within the central
fundus, which is seen on the baseline image. A NAVILAS-
obtained fundus photograph corresponds to the field of view
of 50∘, while a standard OCT retinal thickness map covers
18∘ or 22∘ (depending on the OCT system, this corresponds
to 5mm × 5mm or 6mm × 6mm ETDRS macular maps),
[23] and an RM-SLO image covers up to 60∘. No possibility
to visualize the entire retinal edema zone on the OCT retinal
thickness map was found in 61.5% of the eyes of our study.
At the same time, the RM-SLO image allows visualizing the
retinal edema within the entire central fundus; consequently,
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Figure 3: OCT- versus RM-SLO-guided treatment plan for macular laser photocoagulation. (a) OCT retinal thickness map fails to cover the
entire zone of retinal edema (area, 9.33mm2). (b) OCT map superimposed onto the baseline image. (c) The number of laser spots placed in
OCT-guided treatment planning is 149. (d) The entire zone of retinal edema is identified on RM-SLO image (entire edema area, 14.51mm2;
white dashed line represents the edema zone boundary; white square represents a 5mm× 5mmzone involved intoOCT retinal thicknessmap;
the area of edema identified by RM-SLO within the 5mm × 5mm zone is 10.18mm2). (e) RM-SLO image superimposed onto the baseline
image. (f) The number of laser spots placed in RM-SLO-guided treatment planning is 219 (i.e., more than that in OCT-guided treatment
planning).

the area of edema measured in RM-SLO-guided treatment
planning was found to be statistically significantly larger than
that in OCT-guided treatment planning. Moreover, the RM-
SLO image includes the optic nerve and the vascular arcades,
thus facilitating the overlaying of images.

The average area of retinal edema revealed with RM-
SLO within a 5mm × 5mm fundus zone was statistically
insignificantly larger than that revealed with OCT. This
difference may result from the fact that RM-SLO allows
visualizing any small intraretinal microcysts located at the
boundary of edema zone, with these microcysts either not
increasing retinal thickness or increasing it insignificantly.
Consequently, inOCTmapping, the retinal thickness in these
microcystic regions is shown with a “nearly normal” color,
and the regions may receive no spot marking at the time of
planning for MLP.

Large cysts (such as those detected with RM-SLO in the
foveal center in most of the eyes of our study) may serve
as an additional landmark for identification of the foveal
center, which has been confirmed by Yamamoto et al. [20].
Therefore, in RM-SLO-guided planning for MLP, the foveal
center is identified not only on the baseline color image
produced by NAVILAS system, but also with the help of
additional landmarks, which allows avoiding its mistaken

photocoagulation. At the same time, the foveal center is
identified on the OCT retinal thickness map indirectly, using
the fixation point.

A fixation error, if any, may cause the displacement
of the foveal center marker from the true center and the
displacement of the entire retinal thickness map with respect
to the background SLO-type fundus photograph. Conse-
quently, both the edema region and the foveal center will be
identified incorrectly on the final retinal thickness map with
respect to the background SLO-type fundus photograph.This
may result in incorrect (e.g., outside-of-edema) placement
of spot marks at the time of planning for MLP, since the
retinal thickness map of the macula is superimposed onto
the baseline color image (produced by NAVILAS system)
using the landmarks of the background SLO-type fundus
photograph. The requirements for a gaze fixation and no
blinking during scan acquisition (acquisition time specified
in the EMM5 protocol is 1.3 s) may be another cause for
the above mentioned displacement of the foveal center from
the true center. At the same time, acquisition of RM-SLO
image occurs instantly, and requires neither a gaze fixation
nor blinking inhibition, since the image covers most of the
fundus area and can be aligned onto the baseline image.
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If the edema results in an insignificant increase in retinal
thickness (2 eyes of the study), the edema regions are not
clearly defined on the OCT retinal thickness map and barely
differ in color from non-edematous regions on the colormap.
Such edema regions become even less noticeable against the
background SLO-type fundus photograph which is required
for superimposition of the OCT retinal thickness map onto
the baseline image.

In a considerable proportion of cases, OCT retinal thick-
nessmaps include underestimated areas of retinal thickening,
which makes them inadequate for immediate import into
the NAVILAS system and planning for MLP. This is associ-
ated with the attenuation of the signal by highly reflective
intraretinal masses (hard exudates and hemorrhages which
are often found in diabetic and proliferative retinopathy
patients, potential candidates for MLP), with a correspond-
ingly decreased signal of the retinal pigment epithelium. In
such cases, the software algorithm misidentifies these highly
reflective intraretinal masses as retinal pigment epithelium,
uses them for segmentation of outer retinal layers, and
computes underestimated retinal thickness values. Schneider
et al. have found such errors in OCT images in 35.3% of
examined patients with diabetic retinopathy [24], which is
insignificantly less than the percentage found in our study.
The difference may result from the inclusion of patients with
RVO (because intraretinal hemorrhages are typical for central
RVO pathology) and use of other OCT system in our study.

RM-SLO-guided planning forMLP has several disadvan-
tages. First, a lower vessel contrast observed on the RM-SLO
image compared to that on the SLO-type image produced by
RTVue-100, resulting in an insignificant delay in the image
superimposition process. Second, RM-SLO does not allow
the physician tomake an adequate conclusion about the post-
treatment trends in edema-related parameters, since mean
foveal thickness and macular volume, the indices providing
the most valuable information for quantitative monitoring
of ME, can be only measured with OCT. Hence, the use
of RM-SLO does not exclude the need for the use of OCT.
The correction of the automated segmentation boundaries
and foveal center position for a later comparison of the pre-
treatment OCT map with those obtained at different post-
treatment time points, however, can be performed at any time
before the comparison. Third, the measurement of retinal
edema area based on RM-SLO images requires a certain level
of expertise.

En face OCT imaging combines a number of advantages
of both RM-SLO and OCT mapping. This approach allows
the physician to visualize retinal microcysts in the macular
region and to obtain quantitative data related to edema
(e.g., mean foveal thickness) simultaneously. En face OCT,
however, suffers all the disadvantages of conventional OCT
related to the performance of scan protocol (automated
segmentation errors, gaze fixation requirement, and a limited
scan area).

The study has a number of limitations. First, we used only
one OCT device. Since occurrence of different artifacts varies
widely among OCT devices depending also on pathology,
one may however expect occurrence of similar difficulties in
planning for MLP when guided by the data derived from

images taken with other OCT devices [25]. The limitation
mentioned is not relevant to RM-SLO, since currently, F10
is the only commercially available scanning laser ophthal-
moscope with retro-mode. Second, the study involved a
relatively small number of eyes and did not involve controls
for the comparison of anatomic and functional outcomes.
Therefore, whether a larger photocoagulated area in MLP for
ME results in better visual outcomes or a more sustained
effect is so far unknown and warrants further investigation
in a prospective controlled study.

In conclusion, our study demonstrates (1) the possibility
of planning for navigated MLP based on the RM-SLO image
overlayed on the fundus photograph of the same eye, (2)
larger treatment areas suggested by RM-SLO-guided MLP
plans for ME compared to those suggested by OCT-guided
plans and (3) narrow variability in treatment planning among
the retina specialists.
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Purpose. To compare two different spectral-domain optical coherence tomography (OCT) systems in regard to full macular
thickness (MT) and ganglion cell layer-inner plexiform layer (GCIPL) measures and in regard to structure-function correlation
when compared to standard automated perimetry (SAP). Methods. Seventeen primary open angle glaucoma patients and 16
controls (one eye per subject) were enrolled. MT and GCIPL thicknesses were measured by Cirrus and Spectralis OCTs. Octopus
Perimeter 101 (G2 protocol) reports sensitivity inmean defect (dB). Differences betweenmeasurements were assessedwith Student’s
𝑡-test and Bland Altman. Diagnostic performance was also compared between each parameter calculating the areas under the
operator receiver (ROC). Linear models were used to investigate structure-function association between OCT and SAP. Results.
Disagreement between OCTs in both MT and GCIPL values was significant. Spectralis values were thicker than Cirrus. Average
difference between OCTs was 21.64 𝜇m (SD 4.5) for MT and 9.8 𝜇m (SD 5.4) for GCIPL (𝑝 < 0.001). Patients differed significantly
from controls in both OCTs, in both measurements. MT and GCIPL were negatively associated with MD (𝑝 < 0.001). Conclusions.
Although OCT values were not interchangeable, both machines differentiated patients from controls with statistical significance.
Structure-function analysis results were comparable, when either OCT was compared to SAP.

1. Introduction

Glaucoma remains the third or fourthmost common cause of
blindness in different regions around the globe. Since this is a
treatable disease, early diagnosis and adequate follow-up are
gaining importance. Also, direct and indirect economic bur-
dens tend to increase for governments with patients extended
lifetime expectancy and complexity of disease stage [1].

So far standard automated perimetry (SAP) is still con-
sidered the “gold standard” method for function analysis
even though defects are only detectable after substantial cell
loss [2]. Since its introduction, optical coherence tomography
(OCT) has turned into a fundamental tool in the evaluation
of a variety of different retinal diseases, in particular primary
open angle glaucoma (POAG). Thinning of the peripapillary

retinal nerve fiber layer (RNFL) and full macular thickness
(MT) have been largely used in POAG evaluation [3, 4]. In
addition, recent improvements inOCT technology (i.e., Spec-
tral OCT and software analysis) not only increased image
resolution but also allowed customized analysis of the indi-
vidual retinal layers. Glaucoma damage is primarily related
to the ganglion cells [5].ThusOCT retinal layer segmentation
allows us to directly analyze the ganglion cell layer separately
and thereby look directly at the site of damage. Indeed, gan-
glion cell-inner plexiform layer (GCIPL) segmentation can
identify changes and correctly diagnose glaucomawith a sim-
ilar sensitivity as the RNFL or optic nerve head (ONH) para-
meters [6–8]. Thus segmentation may allow a more sensitive
structure-function correlation in different stages of disease.
Although the increased number of OCT manufacturing
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companies may contribute positively to price competition as
well as hardware and software improvements, it also leads to
variability in measurements and analysis methodology.

In this study, we determined if the brand of the spectral-
domain OCT used and their respective segmentation pro-
grams influence structure-function analysis differently. To
the best of our knowledge, this is the first study to compare
two different OCT systems and their respective macula layer
segmentation software and associate themwith SAP in struc-
ture-function analysis.

2. Materials and Methods

The study protocol was approved by the Ethics Committee of
the University of Basel, and informed consent was obtained
from all participants before the examination. All procedures
followed the tenets of the Declaration of Helsinki.

Patients with established glaucoma diagnosis and con-
trolled IOP were recruited from the glaucoma ambulatory.
The inclusion criteria included a visual acuity of 0.8 or better,
and a refractive error between ±6 diopters of hyperopia or
myopia. All glaucoma patients had a cup-to-disc ratio of at
least 0.5 and a localized thinning of the neuroretinal rim on
OCT (Cirrus) corresponding to the fundus examination.The
OCT thinning should have at least one red sector or two
yellow sectors on the thickness map (less than 1% and 5% of
the normal population, resp., as by Cirrus software analysis).
Preperimetric glaucoma was defined by the presence of optic
nerve abnormalities consistent with glaucoma and a normal
visual field as tested with SAP. Other glaucoma patients had
to present a reproducible glaucomatous visual field defect on
at least three examinations with a mean defect (MD) higher
than 2.0 dB and/or a squared root of loss variance (sLV) over
2.5 dB. Individuals with previous ocular surgery, systemic dis-
eases, or regular use of medications that could influence the
eye (e.g., antidepressant, chloroquine) were excluded from
the study.

The right eye was included in the study, if it did not fulfill
any exclusion criteria. All OCT images were performed in the
same day. When not possible, visual field examination was
performed at a maximum interval of 7 months from OCT
examination. Subjects underwent OCT imaging and SAP
testing as described below.Data from the corresponding areas
of the central 10∘ were analyzed.

Technical details from the two different commercially
available OCT instruments used are displayed in Table 1.
The pupil of the study eye was dilated with a solution of
tropicamide 0.5% and phenylephrine 1% (Spital-Pharmazie
USB, Switzerland) before examination. OCT images were
obtained in Cirrus using the fast macular cube protocol 512×
218 (128 horizontal scan lines each composed of 512 A-scans,
Cirrus SD-OCT,Carl Zeiss, USA), and the fast volume scan in
Spectralis HRA +OCT (25 section scans and 26 ART frames,
Heidelberg Engineering, Inc., Heidelberg, Germany). The
same specialist executed all OCT images. Both instruments
have a scan area of 6 × 6mm and macular retinal thickness is
calculated in microns in an area correspondent to the Early
Treatment Diabetic Retinopathy Study (ETDRS) grid. The
MT values used in this study corresponded to the 1 and 3mm

Table 1: Technical characteristics from Cirrus and Spectralis OCT
and acquisition protocol details of each device.

CirrusTM SpectralisTM

Axial resolution 5 𝜇m 4𝜇m
Scan speed (scan/sec) 27.000 40.000
Scan pattern 512 × 128 512 × 49
Scan area 6 × 6mm 6 × 6mm
Acquisition time 2.5 sec 5.0 sec
Software version 6.5.0 6.0.3

circles of the ETDRS grid. GCIPL thickness is calculated by
Cirrus software in the area of an elliptical annulus with a
2.0mm vertical and 2.4mm horizontal radius, excluding a
central elliptical area (0.5mm vertical and 0.6mm horizontal
radius) that corresponded to the foveola. According to studies
of human retina, the highest density of ganglion cells occurs
in this area [9]. As Spectralis software (version 6.0.3) uses the
ETDRS grid also for GCIPL thickness calculation, values in
the 3mm circle were averaged, excluding the 1mm circle, and
compared to Cirrus (Figure 1, top).

Also the segmentation software from each OCT calcu-
lates layer thickness differently. Cirrus software excluded the
macular RNFL layer from theGCIPL analysis while Spectralis
software calculated each retina layer separately (Figure 1, bot-
tom).Therefore, in Spectralis, only the layers of interest in this
study (ganglion cell and inner plexiform layers) were added
in a separate Microsoft Excel spreadsheet. The exclusion of
RNFL in Cirrus was based on the histologic observation that
the macular GCIPL layer presents less variation than the
RNFL among normal individuals [6]. Differences between
the OCTs are that while both allow for manual corrections of
the macular thickness boundaries, only Spectralis allows for
manual correction of possible errors in GCIPL segmentation.
Cirrus, but not Spectralis, separately analyses the minimum
value of GCIPL thickness (mGCIPL) measured within the
areas analyzed. Thus parameters included in this analysis
were averaged MT and the GCIPL from both OCTs, and in
addition, their average after manual correction (cMT and
cGCIPL) in Spectralis and themGCIPL value given in Cirrus.
All images included in this study had signal strength over 7
for Cirrus and a quality score over 25 for Spectralis (limits
considered as good/acceptable image quality for analysis,
according to each instrument’s manual).

Standard automated perimetry was performed using an
Octopus Perimeter (Octopus 101, G2 Program, Haag-Streit
AG, Switzerland). Total field MD (mean defect) values in dB
were included in the analysis. All SAP exams used in this
study were inside reliability parameters (fixation loss < 33%,
false-positive and false-negative rates < 25%).

3. Statistical Analysis

Bland-Altman analysis was used to compare OCT results.
Differences betweenmeasurements were compared using the
paired 𝑡-test. Differentiation between glaucoma and controls
within each measurement was assessed with a 𝑡-test and 𝑝
values posteriorly adjusted with FDR (false discovery rate).
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(a) (b)

(c) (d)

Figure 1: Top: (a) example from Early Treatment Diabetic Retinopathy Study (ETDRS) grid taken from Spectralis printout, used to calculate
MT in both OCTs: scan area of 6 × 6mm, divided into three concentric circles with 1mm, 3mm, and 6mm diameter, respectively. Here, we
used values from the 1 and 3mmcircles of the grid. (b) Area used inCirrus to calculate GCIPL thickness corresponding to an elliptical annulus
with a 2.0mm vertical and 2.4mm horizontal radius, excluding a central elliptical area (0.5mm vertical and 0.6mm horizontal radius) that
corresponded to the foveola; in Spectralis GCIPL thickness was calculated with values in the 3mm circle from ETDRS grid, excluding the
1mmdiameter circle. Bottom: OCT images using layer segmentation software from each instrument: (c) Spectralis, (d) Cirrus (same patient).
While Cirrus software calculates only ganglion cell-inner plexiform layer (GCIPL) and excludes retina nerve fiver layer (RNFL), Spectralis
software segments all retina layers and values from ganglion cell and inner plexiform layers were added manually. The white bar represents
limits for thickness measurement of ganglion cell-inner plexiform layer in Spectralis (left) and Cirrus (right).

The predictive diagnostic performance for each parameter,
that is, the ability to differentiate glaucoma from control,
was assessed calculating the receiver operating characteristics
(ROC) curves and the respective area under the ROC curve
(AUC). A perfect predictive performance is represented by an
AUC of 1.0 which means that this parameter can differentiate
glaucoma from control with 100% sensitivity and specificity,
while an AUC value of 0.5 means a prediction mostly influ-
enced by chance. AUCs from different OCTs were compared
with the DeLong test.

For prediction of structure-function relationship, linear
models were performed. All calculationswere adjusted to age.
As OCT values are linear values but SAP are reported in dB,
a logarithmic value, OCT values were transformed to loga-
rithmic scale for better comparisons with SAP. Results were
expressed as the regressive slope coefficients (on log-scale)
with corresponding standard errors and 𝑝 values.

Statistical analyses were performed using SPSS (IBM
SPSS Statistics, version 22), and the statistical package R [10]

(version 3.0.2). In this study, all 𝑝 values <0.05 were consid-
ered as significant.

4. Results

A total of 33 eyes were included: 17 POAG and 16 controls.
Complete demographic details are presented in Table 2. The
mean age was 59.5 years (SD ± 13.9) for the glaucoma group
and 49.2 years (SD ± 7.0) for the controls (𝑝 = 0.013). Median
MD was 2.2 (range: −0.4–17.0) dB in POAG (including PPG)
and −0.2 (range: −3.8–2.0) dB in controls (𝑝 = 0.024).

4.1. Macular and GCIPL Thickness in OCT. Table 3 shows
averages fromMTandGCIPL in bothOCTs in the POAGand
control groups. Spectralis and Cirrus showed a significant
difference between patients and controls in both MT (𝑝 =
0.018, 𝑝 = 0.028, resp.) and GCIPL (𝑝 < 0.001, both).
Manual correction of the software segmentation parameters
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Table 2

Group POAG (𝑛 = 17) Controls (𝑛 = 16) 𝑝 value∗

Age (yrs) (mean ± SD) 59.5 ± 13.9 49.2 ± 7.0 𝑝 = 0.029

Gender (M/F) 12/5 4/12
BVCA (decimal) (median, range) 1.0 (0.9–1.25) 1.2 (0.9–1.25) 𝑝 = 0.030

Refraction (mean ± SD)
Diopters −0.38 ± 2.0 −0.61 ± 2.1 𝑝 > 0.05

Cylinder 0.65 ± 0.72 0.72 ± 0.65 𝑝 > 0.05

MD (dB) (median, range) 2.2 (−0.4–17.0) −0.2 (−3.8–2.0) 𝑝 = 0.024

RNFL (𝜇m) (mean ± SD) 69.4 ± 11.1 90.0 ± 10.6 𝑝 < 0.001

IOP (mmHg) (mean ± SD) 12.8 ± 1.7 13.3 ± 2.7 𝑝 = 0.811

CDR (median, range) 0.8 (0.5–0.9) 0.3 (0.2–0.4) 𝑝 < 0.0001

POAG: primary open angle glaucoma, SD: standard deviation, BVCA: best corrected visual acuity (decimal), MD: mean defect (dB), RNFL: retinal nerve
fiber layer average thickness, IOP: intraocular pressure under medication (mmHg), CDR: cup-to-disc ratio. ∗𝑝 values were obtained with 𝑡-test and posterior
adjustment with FDR (false discovery rate).

Table 3: Total macula and ganglion cell layer mean thickness, in
micrometers (𝜇m), among groups and p values in the central 10∘.

POAG Controls 𝑝 value∗ AUC
MT (mean ± SD)

Cirrus
MT 297.6 ± 13.5 307.9 ± 12.1 0.036 0.789

Spectralis
MT 319.0 ± 13.0 329.8 ± 11.7 0.027 0.801
cMT 319.0 ± 12.9 329.8 ± 11.7 0.027 0.805

GCIPL (mean ± SD)
Cirrus

GCIPL 68.5 ± 8.7 80.7 ± 4.7 <0.01 0.879
mGCIPL 61.2 ± 10.8 79.5 ± 4.7 <0.01 0.930

Spectralis
GCIPL 75.7 ± 13.8 93.3 ± 4.6 <0.01 0.886
cGCIPL 76.1 ± 13.7 93.4 ± 4.6 <0.01 0.886

MT: full macular thickness, GCIPL: ganglion cell-inner plexiform layer
thickness, cMT and cGCIPL: average values after manual correction of layer
segmentation in Spectralis OCT, mGCIPL: minimum GCIPL value calcu-
lated byCirrus software. AUC: area under the ROC curve. SD: standard devi-
ation. ∗𝑝 values were obtained with paired 𝑡-test and posterior adjustment
with FDR (false discovery rate).

in Spectralis produced a significant difference between mea-
surements in GCIPL (𝑝 < 0.05) but not inMT (𝑝 = 0.715). A
total of 2 controls (12.5%) and 7 patients (41.1%) neededposte-
rior manual correction of retina thickness segmentation. No
subject needed macula thickness segmentation correction in
Cirrus analysis. Differences between OCTmeasurements per
patient are shown in Figure 2(a).

Bland-Altman analysis showed disagreement between
OCTs in MT and GCIPL values (Figure 2(b)). On average,
measurements with Spectralis were thicker than with Cirrus.
For MT the difference was 21.64 𝜇m (SD ± 4.5) before and
21.65 𝜇m (SD ± 4.5) after manual correction (𝑝 < 0.001).
For average GCIPL thickness the difference was 9.8𝜇m (SD ±
5.4) before and 10.0 𝜇m (SD ± 5.3) after manual correction
(𝑝 < 0.001). With higher values measurements obtained
with Spectralis tended to differ more from those measured

with Cirrus. This difference increased when we compared
Spectralis averages before (14.1 𝜇m, SD ± 5.9) and after
correction (14.4 𝜇m, SD ± 5.8) with mGCIPL (𝑝 < 0.001).

There was no significant difference between the age-
adjusted AUCs from MT in Cirrus (0.798) and Spectralis,
before (0.801) and after (0.805) manual correction. This was
also observed betweenOCTs forGCIPLmeasurements: 0.879
in Cirrus and 0.886 before and 0.886 after correction in
Spectralis. Minimum GCIPL value in Cirrus had an AUC of
0.930 (Table 3; Figure 3).

4.2. Structure-FunctionRelationship. Theassociation between
SAP and OCT was assessed using a linear model. MT and
GCIPL had a negative significant association with MD (𝑝 <
0.001), in both POAG (𝑝 < 0.001) and controls (𝑝 < 0.001)
for Cirrus and Spectralis (Table 4, Figure 4).

5. Discussion

The aim of this study was to compare thickness measure-
ments between two commercially available OCTs using their
respective segmentation programs and assess if the brand
of spectral-domain OCT used might influence structure
function analysis differently in glaucoma. Using two different
spectral-domain OCTs, Cirrus and Spectralis, we observed
that there is a significant difference in full macula and GCIPL
thickness measurements between machines. Therefore mea-
surements are not interchangeable.

Nevertheless, when assessing structure function relation-
ship individually, all measurements from both machines
demonstrated a statistically significant relationship with
function measured by standard automated perimetry. Fur-
ther, age-adjusted AUCs demonstrated that all measurements
had a similar predictive performance and could correctly dif-
ferentiate patients from controls.

A literature review in PubMed using specific terms (opti-
cal coherence tomography, glaucoma, ganglion cell, macula,
thickness, and segmentation software) did not reveal any
other study which we could directly compare to this one.
While we compared the entire area within the central 3mm
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Figure 2: (a) This plot shows the measurements from both OCTs per patient: (left) total macula thickness; (right) ganglion cell-inner
plexiform layer thickness. Comparison between these measurements allows visual appreciation of the difference per patient. (b) Respective
Bland-Altman graphic representation comparing the difference between Cirrus and Spectralis MT (right) and GCIPL (left) to their mean.
Auto: values using automatic segmentation in Spectralis; corrected: values after manual correction of retinal layer segmentation in Spectralis;
mGCIPL: minimum GCIPL value calculated by Cirrus software. POAG: primary open angle glaucoma group; controls: control group.

diameters, most studies either refer to the central 1mm
area [11–16] or compare the areas within the ETDRS sectors
calculated by the respective OCTs (i.e., the superior, inferior,
temporal, and nasal sectors) [11, 16]. Here we showed that
all thickness values from Spectralis were consistently higher
than in Cirrus. This is in accordance with a study from
Mylonas et al. [11], where Spectralis macula thickness also
showed the highest values, in the central retinal thickness
(CRT, 1mm diameter) and individual sectors of the 3mm
area, in comparison tootherOCTs (includingCirrus).Though
the study was conducted in neovascular age-related macular
degeneration patients (28 individuals), its control group (10
individuals) showed the same pattern. Other studies found
the same difference between Cirrus and Spectralis in CRT
[12, 14, 15].

There are numerous studies applying GCIPL thickness in
glaucoma [6–8, 16–21].The GCIPL average in early glaucoma
patients from these studies (69.7 𝜇m) is comparable to our
study average (68.5𝜇m). A comparison of layer segmentation
reproducibility was conducted at the IOWA University using
Cirrus and their own segmentation software [22]. Here, the
overall average from Cirrus GCIPL was reported as 70.0 𝜇m
(SD ± 11.4) in glaucoma, which also did not differ much from

the patient group average in our study (Cirrus). Recently,
Martinez-de-la-Casa et al. demonstrated that, using Spec-
tralis layer segmentation software, macular RNFL thickness
was the only parameter to differentiate healthy subjects from
glaucoma suspects [21].Wehave not found a study comparing
Spectralis and Cirrus segmentation software, most probably
because Spectralis software was made commercially available
only recently.

The clear difference in macula thickness between OCTs
could be explained analyzing the specific retina boundaries
established by each manufacturer. While the inner bound-
ary is always the vitreoretinal interface, the outer retinal
boundary varies betweenmanufacturers. For Cirrus the outer
boundary corresponds to the level of the interdigitations of
the external layers of the photoreceptors in the retinal pig-
ment epithelium (Verhoeff ’s membrane), while in Spectralis
it is at Bruch membrane [11, 13, 15]. Nevertheless, the estab-
lishment of different boundaries for total macula thickness
calculation cannot explain the significant difference between
GCIPL thicknesseswe found in this study.Different image res-
olution, intrinsic reflectance, and analysis algorithms within
each software may influence this calculation. We also cannot
exclude an influence from the different areas analyzed, that is,



6 Journal of Ophthalmology

1.00.80.60.40.20.0

Macula thickness ROC curve

0.0

0.2

0.4

0.6

0.8

1.0

Se
ns

iti
vi

ty

Reference line
Spectralis (corrected)

Spectralis (auto)
Cirrus
MD

Source of the curve
1 − specificity

(a)

1.00.80.60.40.20.0

Se
ns

iti
vi

ty

GCIPL ROC curve

0.0

0.2

0.4

0.6

0.8

1.0

Reference line
mGCIPL
Spectralis (corrected)

Spectralis (auto)
Cirrus
MD

Source of the curve
1 − specificity

(b)

Figure 3: Age-adjusted ROC curves from Cirrus and Spectralis: (a) total macula thickness, (b) GCIPL. Auto: values using automatic
segmentation in Spectralis; corrected: values after manual correction of retinal layer segmentation in Spectralis; mGCIPL: minimum GCIPL
value calculated by Cirrus software; MD: mean defect.

Table 4: Structure-function relationship expressed as regression coefficients and corresponding 𝑝 values.

Independent variable Dependent variable Regressive slope Std. error 𝑝 value
Cirrus MT MD −7.459 1.552 <0.001
Spectralis MT MD −9.590 1.656 <0.001
Spectralis cMT MD −9.559 1.671 <0.001
Cirrus GCIPL MD −4.623 0.445 <0.001
Cirrus mGCIPL MD −3.206 0.374 <0.001
Spectralis GCIPL MD −3.053 0.336 <0.001
Spectralis cGCIPL MD −3.548 0.315 <0.001
OCT values were transformed to logarithmic scale. MT: full macular thickness, GCIPL: ganglion cell-inner plexiform layer, cMT and cGCIPL: average values
after manual correction of layer segmentation in Spectralis OCT, mGCIPL: minimum GCIPL value calculated by Cirrus software, MD: mean defect.

ellipsoid in Cirrus versus the annular in Spectralis. However
both areas differ only slightly and include the highest density
area for ganglion cells.

While totalmacula thickness boundaries can bemanually
corrected in both Cirrus and Spectralis, individual layer
segmentation correction is possible only in Spectralis.We did
not observe a significant difference in total macula averages
before and after manual correction of inner and outer retinal
boundaries in Spectralis. This could be explained by the
observation that, specifically for the internal limiting mem-
brane and Bruch’s membrane, delineation errors occurred
mostly in the extreme periphery of the image slice. However,

for the GCIPL segmentation errors also occur within the
3mm ring averages. Thus GCIPL layer segmentation cor-
rections made in Spectralis resulted in significantly different
values, while values remained significantly higher than with
Cirrus. In addition, the same difference in thickness measure
will impact less on the thicker total macula thickness but
more on the thinner GCIPL thickness.This probably explains
the significant difference we found.

A significant correlation between function (global MD)
andmorphology (MT [23, 24] orGCIPL [20, 25, 26]) has been
demonstrated previously. In agreement, despite the signifi-
cant difference between Cirrus and Spectralis measurements,
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Figure 4: Scattered plots showing the structure-function relationship were obtained using linearmodels analysis. Age adjustment was applied
in all calculations: top row from left to right:MDversusmacular thickness fromCirrus, Spectralis (automatic values), and Spectralis (manually
corrected values). Bottom row from left to right: MD versus ganglion cell-inner plexiform layer thickness fromCirrus (average andminimum
value), Spectralis (automatic values), and Spectralis (manually corrected values). MD: mean defect.

both OCTs demonstrated a significant positive association
with global MD. We are not aware of studies directly com-
paring the diagnostic performance between MT and GCIPL
in glaucoma. When compared to RNFL, MT had an inferior
diagnostic performance in Cirrus [27] and in Stratus [3, 23].
In our study, SpectralisMT showed similar diagnostic perfor-
mance toCirrus.However bothwere outperformedbyGCIPL
measurements, especially mGCIPL. Even though we found
no other studies directly comparing AUC between MT and
GCIPL, the AUC values found in this study are in accordance
with findings from other studies using MT [27] and GCIPL
[7, 8, 17, 20, 28].

Though we found a significant difference between OCT
measurements, the small population analyzed here may limit
our findings. Also, stage of disease might influence results
given that the relationship between structural and functional
damage is still not completely understood. Including more
patients and later stages of disease glaucoma could give us
additional information. In addition, knowing that age may
influence our results, we adjusted all calculations for age.

Difference in gender distribution is also a concern: Cohn
et al. did not observe a significant difference between males
and females when comparing total dB from SAP [29]. How-
ever according to Ooto et al. total macular thickness is about
7.5 𝜇m thicker in men than in women [30]. While age and sex
differences should be considered when performing disease
diagnostics, this is not the main scope of this study as we
aimed to analyze measurements from two different OCTs
within the same subject.

In contrast to Cirrus, Spectralis software does not yet
include a normative databank. Once this is incorporated,
comparison between deviation maps from these OCTs could
contribute to understanding differences between calcula-
tions. Finally, the Spectralis segmentation software used here
is a beta version. A definite version, without many changes,
was recently made commercially available by the company.

In conclusion, the significant difference between mea-
surements from Cirrus and Spectralis OCTs does not allow
free interchange of machines, for instance, in the follow-up
of patients. In a clinical setting, clinicians must be aware that
once you change the machine and software analysis, a new
baseline for the patient is needed. Nevertheless both machi-
nes showed similar capability of diagnostic performance in
early glaucoma and also in their correlation to functional
changes such as standard automated perimetry.
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Purpose. To evaluate the relationship between corneal and conjunctival epithelium thickness and ocular surface clinical tests in
dry eye disease (DED) patients. Patients and Methods. Fifty-four patients with DED and 32 control subjects were included. Each
patient underwent an ocular surface evaluation using the ocular surface disease index (OSDI), tear film break-up time (TBUT),
corneal and conjunctival staining, tear film lipid layer analysis, and Schirmer test. The central corneal (CET), limbal (LET), and
bulbar conjunctival epithelium thickness (BET) were acquired using spectral-domain optical coherence tomography (SD-OCT).
Results.Compared to control subjects, mean BETwas significantly thicker andmean LETwas significantly lower in the DED group.
There was no significant difference in mean CET between the two groups. The mean LET was correlated with OSDI and TBUT.
The inferior LET was correlated with OSDI, Schirmer I test, TBUT, Oxford score, and corneal sensitivity. Mean BET was correlated
with OSDI and TBUT, but not with Schirmer I test and Oxford score. Conclusions. In dry eye patients, a thinner limbal epithelium
and a thicker bulbar conjunctival epitheliumwere observed.These changes were correlated to the severity of dry eye symptoms and
tear film alterations.

1. Introduction

Dry eye disease (DED) is a multifactorial disease of the
tears and ocular surface resulting in tear film instability
with potential damage to conjunctival and corneal epithelium
[1]. It results from a disturbance of the lacrimal functional
unit that includes the tear film, the lacrimal and meibomian
glands, the ocular surface epithelium, and the sensory and
motor nerves that connect them [2]. Inflammation with
inflammatory cell infiltration and cytokine production are
also common features of DED, found in the lacrimal glands,
the cornea, and the conjunctiva [3]. In association with the
mechanical and desiccating stress induced by the lack and/or

the poor quality of tears, inflammation further damages
ocular surface epithelia. Considering the central role of these
tissues in the pathophysiology of DED, several imaging
techniques have been developed to evaluate and grade the
alterations of ocular surface epithelia in vivo [4, 5]. Despite
lower resolution than in vivo confocal microscopy (IVCM),
SD-OCT has numerous advantages over other imaging tech-
niques, such as slit-lamp or ultrasound biomicroscopy [6].
OCT is a noninvasive imaging method that allows high-
resolution analysis and quantification without the need for
ocular anesthesia or contact procedures. In a preliminary
study, we used SD-OCT to noninvasively evaluate ocular
surface epithelial thickness [4]. In DED patients and patients
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using IOP-lowering eye drops, we observed a decreased
limbal-conjunctival epithelial thickness and an increased bul-
bar conjunctival epithelial thickness. The epithelial thickness
measurement of ocular surface tissues with SD-OCT seemed
to be an advantageous new parameter during ocular surface
evaluation. However, the number of patients in each group
was limited and correlations were not evaluated between
epithelium thickness changes and ocular surface clinical tests.
Thus, the objective of the present study was to compare
the results of corneal, limbal, and conjunctival epithelium
thicknesses obtained with SD-OCT in normal subjects and
non-Sjögren dry eye patients and to evaluate the relationship
between these parameters and the results of ocular surface
clinical tests.

2. Patients and Methods

2.1. Subjects. This studywas conducted at the Beijing Institute
of Ophthalmology with approval of the Medical Ethics
Committee of BeijingTongrenHospital (TREC-2013-KY012).
All patients were informed of the aims of the study and
their consent was obtained according to the declaration of
Helsinki. A total of 54 patients with DED not associated
with Sjögren syndrome (36 women and 18 men; mean age:
44.59 ± 10.08 years; range: 24–68 years) were consecutively
recruited from the Cornea Unit of Beijing Tongren Hospital
from June 2013 to February 2014 (DED group). The sample
size was calculated according to the results of Cui et al.’s study
[7] with 80% power level. DED was defined as Schirmer I
testing <5mm and/or tear film break-up time (TBUT) <10 s,
accompanied by complaints of ocular irritation in the absence
of other ocular (in particular meibomian gland disease) or
systemic diseases [1]. Thirty-two age- and gender-matched
control subjects (20 women and 12 men; mean age: 43.34 ±
10.81 years; range: 19–67 years) were also recruited (control
group). All control subjects had no complaint of ocular
surface irritation and no anterior segment abnormality on
biomicroscopic examination and ocular surface tests. Exclu-
sion criteria for both groups were as follows: age <18 years,
subject unable to complete the questionnaire or understand
the procedures, the presence of ocular or systemic disease or
the use of topical or systemic medications that may affect the
cornea and the ocular surface (except the use of nonpreserved
tear substitutes in the DED group), and previous eye surgery
or contact lens wear.

2.2. Clinical Evaluation. Demographic information and
medical history were obtained from the patients’ medical
records. Each subject underwent quantification of ocular sur-
face symptomswith theOcular SurfaceDisease Index (OSDI)
questionnaire (range: 0–100). Then, the subjects underwent
ocular surface examinations in the following order: tear film
break-up time (TBUT), corneal and conjunctival fluorescein
staining, tear film lipid layer analysis, Schirmer test without
anesthesia, and corneal sensationmeasured with the Cochet-
Bonnet esthesiometer.

TBUT was measured by instilling fluorescein into the
inferior cul-de-sac and calculating the average of three con-
secutive break-up times. Corneal and conjunctival staining

was evaluated under a yellow filter using the Oxford scale
and after instillation of fluorescein. Tear film lipid layer
analysis was performed using interferometry (DR-1, Kowa,
Tokyo, Japan) and evaluated semiquantitatively from 1 to
5 (grade 5 being the most severe) [5]. Schirmer I test was
performedwithout anesthesia for 5minwith the patient’s eyes
closed. Corneal sensation was measured using the contact
nylon thread Luneau 12/100mmCochet-Bonnet esthesiome-
ter (Luneau, Prunay-Le-Gillon, France) in the central cornea
and in the superior, inferior, nasal, and temporal quadrants.
Mean corneal sensitivity (MCS) was defined as the mean of
the measures obtained in the five different areas.

2.3. SD-OCT Examination and Image Analysis. SD-OCT fit-
ted with an anterior segment module (Optovue Corporation,
Fremont, CA, USA) was used. This SD-OCT has a scan rate
of 26,000 axial scans per second. Its axial and transverse
optical resolution were 5 𝜇mand 15 𝜇m, respectively. An add-
on lens (CAM-L mode: 6.0–2.0mm) was used to assess the
regional corneal and conjunctival architecture and epithelial
thickness. Because SD-OCT examination is a noncontact
technique, it was performed before ophthalmological exami-
nations in order to avoid potential epithelium alterations.

The specific imaging capture technique for this study has
been previously described [4]. Briefly, patients were asked to
fixate on the target light source, and consecutive images were
acquired with the patient’s forehead and chin stabilized by
a headrest. Corneal epithelium thickness (CET) was defined
as the epithelium thickness in the 2mm central zone of the
cornea; limbal epithelium thickness (LET) was defined as the
limbal-conjunctival epithelium thickness in each quadrant
(superior, inferior, temporal, and nasal); bulbar conjunctival
epithelial thickness (BET) was defined as the bulbar conjunc-
tival epithelial thickness located between 2 and 3mm from
the limbus of each quadrant (Figure 1).

The cursors were placed perpendicular to the ocular
surface epithelium from a point located just beneath the
tear film (first hyperreflective layer) to the basal membrane
(second hyperreflective layer). For every quadrant, three
measurements were taken (if the difference between mea-
surements exceeded 3 𝜇m, the measurement was repeated
in order to confirm thickness measurement reproducibility;
the measurement needed to be confirmed in less than 5%
of cases), and the results were expressed as mean ± SD.
The measurements were taken by one researcher (HL) who
was masked to patient demographic data and the results
of ophthalmologic examinations. To evaluate interobserver
variability, a second examiner (QL), who was masked to the
results of the first SD-OCT analyses, assessed CET, LET, and
BET from the same images of 20 randomized patients.

2.4. Statistical Analysis. Statistical analyses were performed
with SPSS for Windows version 16.0 (SPSS Inc., Chicago, IL,
USA). For each patient, one eye was randomly chosen for
statistical analysis. The mean ± SD values of each epithelial
thickness variable were calculated for both the DED and
control groups. To compare ocular surface parameters and
epithelial thickness, measured in normal and DED eyes,
two-tailed Student’s 𝑡-tests were performed. The Pearson
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Figure 1: SD-OCT images of ocular surface epithelial thickness measurement in a healthy control subject (a, c, e) and a dry eye patient (b, d,
f). Corneal epithelium thickness measurement with software cursors (a, b), limbus and conjunctiva epithelium thickness analysis (c, d), and
conjunctiva epithelium thickness measurement (e, f).

correlation coefficientwas used inDEDpatients to investigate
the correlation between the quantitative measurements of
epithelial thicknesses and the results of other ocular surface
evaluations. 𝑃 values less than 0.05 were considered statisti-
cally significant.

3. Results

There was no difference in terms of gender (𝑃 = 0.699)
and age (𝑃 = 0.503) between the DED and control groups.
Concerning ocular surface clinical evaluation, DED patients
had significantly more symptoms (OSDI) (35.46 ± 14.94
versus 1.52 ± 3.96, 𝑃 < 0.001), lower TBUT (4.67 ± 2.30 s
versus 13.31±2.54 s, 𝑃 < 0.001), a lower Schirmer I test score
(4.11 ± 6.98mm versus 12.56 ± 6.99mm, 𝑃 < 0.001), and
a higher Oxford score (1.06 ± 1.73 versus 0.00, 𝑃 = 0.001)
as compared to the control group. Mean corneal sensitivity
was significantly decreased in theDEDgroup (5.74±0.41mm
versus 5.98 ± 0.07mm, 𝑃 = 0.002), while tear film lipid layer
interferometry was not statistically different between the two
groups (2.43±0.71mmversus 2.28±0.52, 𝑃 = 0.323). Results
of clinical data are presented in Table 1.

Mean CET, LET, and BET were 50.23 ± 4.42 𝜇m, 81.37 ±
6.21 𝜇m, and 50.44 ± 5.25 𝜇m in the DED group and 49.76 ±
3.15 𝜇m, 87.14 ± 9.98 𝜇m, and 44.62 ± 5.04 𝜇m in the control
group, respectively. Compared to control subjects, mean BET
was significantly thicker (𝑃 < 0.001) and mean LET was
significantly lower (𝑃 = 0.009) in the DED group. There was
no significant difference in CET between the two groups (𝑃 =
0.103). In addition, dry eyes had a significantly thicker BET
in each quadrant region (superior, 𝑃 = 0.005; inferior, 𝑃 =
0.014; temporal, 𝑃 < 0.001; and nasal, 𝑃 = 0.003) than that
of normal subjects. In dry eyes, the LET was also significantly
thinner in the inferior (𝑃 = 0.011), temporal (𝑃 = 0.008),
and nasal regions (𝑃 < 0.001) but not in the superior
region (𝑃 = 0.152) as compared to control subjects (Table 2,
Figure 2).

Within theDEDgroup, therewere significant correlations
between symptoms (OSDI) and Schirmer I test (𝑟 = −0.312,
𝑃 = 0.003), TBUT (𝑟 = −0.720, 𝑃 < 0.001), and Oxford
score (𝑟 = 0.340, 𝑃 = 0.001). TBUT was also correlated with
Schirmer I test and Oxford score (𝑟 = 0.436, 𝑃 < 0.001 and
𝑟 = −0.504, 𝑃 < 0.001, resp.). Tear film lipid layer interfer-
ometry was correlated with TBUT, Oxford score, and MCS
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Table 1: Demographic and clinical test results.

Parameters DED group Control group 𝑃value
Number of patients 54 32
Gender

Female 36 (66.7%) 20 (62.5%) 0.699
Male 18 (33.3%) 12 (37.5%)

Age (years) 44.59 ± 10.08 43.34 ± 10.81 0.503
OSDI 35.46 ± 14.94 1.52 ± 3.96 <0.001
Schirmer I test (mm) 4.11 ± 6.98 12.56 ± 6.99 <0.001
TBUT (seconds) 4.67 ± 2.30 13.31 ± 2.54 <0.001
Oxford scale 1.06 ± 1.73 0.00 ± 0.00 0.001
MCS (mm) 5.74 ± 0.41 5.98 ± 0.07 0.002
TFL 2.43 ± 0.71 2.28 ± 0.52 0.323
DED: dry eye disease; OSDI: Ocular Surface Disease Index; TBUT: tear film break-up time; MCS: mean corneal sensitivity; TFL: tear film lipid layer
interferometry.

Table 2: Comparison of ocular surface epithelium thickness (𝜇m) between DED and control groups.

Parameters DED group Control group 𝑃 value
Number of patients 54 32
CET 50.23 ± 4.42 49.76 ± 3.15 0.103
LET 81.37 ± 6.21 87.14 ± 9.98 0.009

LET (N) 80.60 ± 9.27 89.95 ± 15.23 <0.001
LET (T) 80.73 ± 8.91 87.65 ± 11.19 0.008
LET (S) 82.10 ± 8.48 84.64 ± 6.75 0.152
LET (I) 80.12 ± 7.84 86.74 ± 14.45 0.011

BET 50.44 ± 5.25 44.62 ± 5.04 <0.001
BET (N) 50.99 ± 5.26 43.45 ± 4.99 0.003
BET (T) 50.37 ± 6.14 42.57 ± 5.00 <0.001
BET (S) 50.10 ± 5.13 43.99 ± 5.54 0.005
BET (I) 51.35 ± 5.27 46.48 ± 8.83 0.014

CET: corneal epithelium thickness; LET: limbal epithelium thickness; BET: bulbar conjunctival epithelium thickness; N: nasal; T: temporal; S: superior; I:
inferior.
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Figure 2: Comparison of CET, LET, and BET data between DED
and control group. ∗ represents a significant difference between the
indicated groups, 𝑃 ≤ 0.05;  represents no significant difference.
ANOVA with Tukey’s post hoc test.

(𝑟 = −0.236, 𝑃 = 0.029; 𝑟 = −0.389, 𝑃 < 0.001; and 𝑟 = 0.259,
𝑃 = 0.016, resp.) (Table 3).

When evaluating the relationship between dry eye clinical
tests and ocular surface epithelium thickness parameters,
mean BET was correlated with OSDI (𝑟 = 0.362, 𝑃 < 0.001)
and TBUT (𝑟 = −0.428, 𝑃 < 0.001) but not with Schirmer I
test (𝑟 = −0.165, 𝑃 = 0.290) and Oxford score (𝑟 = 0.134, 𝑃 =
0.392). The mean LET was correlated with OSDI and TBUT
(𝑟 = −0.305, 𝑃 = 0.047 and 𝑟 = 0.378, 𝑃 = 0.012, resp.).
Interestingly, the inferior quadrant LET was correlated with
OSDI (𝑟 = −0.519, 𝑃 < 0.001), Schirmer I test (𝑟 = 0.271,
𝑃 = 0.012), TBUT (𝑟 = 0.638, 𝑃 < 0.001), Oxford score
(𝑟 = −0.256, 𝑃 = 0.017), and MCS (𝑟 = −0.519, 𝑃 < 0.001)
(Table 4).

4. Discussion

Several studies have been conducted to measure the thick-
ness and morphology of ocular surface epithelium with
OCT, IVCM, or ultrasound, in order to better understand
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Table 3: Statistical results of correlations between dry eye clinical tests.

Parameters Gender Age OSDI Schirmer 1 test TBUT Oxford scale MCS
Age
𝑟 0.162
𝑃 0.136

OSDI
𝑟 −0.048 0.071
𝑃 0.659 0.514

Schirmer 1 test
𝑟 −0.098 −0.192 −0.312

𝑃 0.371 0.077 0.003
TBUT
𝑟 −0.025 −0.201 −0.720 0.436
𝑃 0.817 0.063 <0.001 <0.001

Oxford scale
𝑟 0.105 0.098 0.340 −0.274 −0.504

𝑃 0.337 0.370 0.001 0.011 <0.001
MCS
𝑟 −0.155 −0.177 −0.137 0.111 0.211 −0.185

𝑃 0.155 0.103 0.209 0.309 0.054 0.089
TFL
𝑟 0.044 0.053 0.163 −0.207 −0.236 −0.389 0.259
𝑃 0.689 0.630 0.134 0.056 0.029 <0.001 0.016

DED: dry eye disease; OSDI: Ocular Surface Disease Index; TBUT: tear film break-up time; MCS: mean corneal sensitivity; TFL: tear film lipid layer
interferometry.

epithelial alterations in DED [7–13]. With Fourier-domain
OCT, Cui et al. evaluated for the first time the features
of the corneal epithelial thickness map within the central
5mm zone and the correlation with symptoms in dry eye
patients [7]. Yang et al. [14] and our group [4] reported the
evaluationwith SD-OCTof ocular surface epithelia including
the bulbar conjunctival epithelium, the limbal epithelium,
and the central corneal epithelium thicknesses in normal
subjects and dry eye patients. However, no studies reported
the correlations between DED clinical features and ocular
surface epithelial thicknesses, including the limbal and the
conjunctival epithelium. In accordance with our previous
results [4], we observed a thinner limbal epithelium and
a thicker conjunctival epithelium in patients with dry eye.
Moreover, we observed that the severities of symptoms
(OSDI) and tear film alterations (TBUT) were correlated to
both LET and BET.

When evaluating the CET of DED patients, some authors
observed a decrease, while others found no change or even
an increase as compared with the control group [4, 7, 8,
15]. Comparison between studies was made difficult by the
different durations and severities of the disease, the varying
ages of DED patients, and the different techniques used
to measure CET. Fabiani et al. [15] established a mouse
model of dry eye and detected that the average CET became
significantly thicker in dry eye mice as compared to the
controls after 7 days. These results demonstrated that the
inflammatory processes and epithelial proliferation had a
significant impact on the average CET in the early stage of

DED.The studies fromChen et al. [16] andKanellopoulos and
Asimellis [17] indicated that increased epithelial thickness
might be used as an objective clinical indicator of dry eye.
Conversely, Cui et al. [7] found that the superior corneal
epithelium was thinner in DED patients than in normal
subjects. Erdélyi et al. [18] and Villani et al. [19] also showed
that the CET tends to be thinner in DED patients, which was
attributed to the destruction of stem cells at the limbus. In
the present study, there was no significant difference in CET
between DED patients and the control group, consistent with
our previous results [4] and the results from Tuominen et al.
[20]. This may be explained by the moderate severity of DED
(average OSDI 35.46 and TBUT 4.67 s) and the location of
CET evaluation in the central cornea (central 2mm diameter
area), away from the limbus.

Considering the role of limbal epithelial stem cells
(LESCs) in corneal epitheliumhomeostasis, the limbal region
is essential in dry eye physiopathology [21]. Several factors
might explain the reduced thickness of the limbal epithelium
in DED. First, stem cell metabolism can be directly affected
in DED patients [22–24]. Infiltration of CD4+ T cells at the
limbus and the levels of inflammatory cytokines in tears
may play an important role in inhibiting corneoscleral stem
cell metabolism in dry eye patients. This downregulation
of limbal stem cells in DED patients could influence the
development of corneal limbal epithelial layers and result
in a thinner LET. Increased turnover of corneal epithelial
cells might also explain limbal epithelial cell depletion in
DED [4]. Limbalmicroenvironment inflammation could also
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Table 4: Correlations of ocular surface epithelial thickness with the result of clinical tests in the DED group.

Parameters Gender Age OSDI Schirmer I test TBUT Oxford scale MCS TFL
CET
𝑟 0.079 0.036 0.047 −0.109 −0.087 −0.104 −0.034 0.003
𝑃 0.468 0.743 0.668 0.318 0.424 0.342 0.755 0.975

LET
𝑟 −0.178 −0.105 −0.305 0.263 0.378 −0.154 0.113 −0.081

𝑃 0.252 0.504 0.047 0.089 0.012 0.325 0.469 0.607
LET (nasal)
𝑟 −0.043 −0.137 −0.322 0.209 0.311 −0.114 0.112 0.000
𝑃 0.694 0.182 0.022 0.054 0.004 0.295 0.304 0.999

LET (temporal)
𝑟 −0.150 0.162 −0.169 0.059 0.280 0.062 0.003 −0.004

𝑃 0.167 0.135 0.119 0.592 0.009 0.573 0.976 0.968
LET (superior)
𝑟 −0.001 −0.103 0.009 0.198 0.101 0.105 0.054 −0.043

𝑃 0.995 0.343 0.933 0.067 0.354 0.335 0.623 0.694
LET (inferior)
𝑟 0.054 0.006 −0.519 0.271 0.638 −0.256 0.273 −0.066

𝑃 0.429 0.953 <0.001 0.012 <0.001 0.017 0.011 0.548
BET
𝑟 0.157 0.085 0.362 −0.165 −0.428 0.134 −0.178 −0.105

𝑃 0.314 0.588 <0.001 0.290 <0.001 0.392 0.252 0.504
BET (nasal)
𝑟 0.041 0.053 0.452 −0.116 −0.500 0.130 −0.105 −0.026

𝑃 0.705 0.627 <0.001 0.254 <0.001 0.233 0.334 0.815
BET (temporal)
𝑟 0.023 0.295 0.497 −0.153 −0.479 0.132 −0.152 0.069
𝑃 0.833 0.006 <0.001 0.326 <0.001 0.225 0.319 0.529

BET (superior)
𝑟 0.097 0.060 0.384 −0.075 −0.410 0.118 −0.286 −0.010

𝑃 0.372 0.581 <0.001 0.493 <0.001 0.280 0.063 0.930
BET (inferior)
𝑟 0.191 −0.027 0.281 −0.049 −0.288 0.092 −0.184 0.097
𝑃 0.078 0.807 0.009 0.651 0.007 0.401 0.089 0.376

DED: dry eye disease; OSDI: Ocular Surface Disease Index; TBUT: tear film break-up time; MCS: mean corneal sensitivity; TFL: tear film lipid layer
interferometry; CET: corneal epithelium thickness; LET: limbal epithelium thickness; BET: bulbar conjunctival epithelium thickness.

directly alter limbal stem cells and their functions, resulting in
various degrees of stem cell deficiency [25]. The inferior and
superior limbal areas are thought to be the largest reservoirs
of limbal stem cells as compared to the nasal and temporal
quadrants. With confocal microscopy and scanning electron
microscopy, Shortt et al. [26] showed more limbal crypts in
the superior and inferior limbal regions. Similarly, Thoft et
al. found a larger number of stem cells in the superior and
inferior limbus than in the medial and lateral areas [27].
Interestingly, in the present study, the inferior LET seemed to
be the most sensitive parameter because it was directly corre-
lated to the OSDI, the Schirmer test, TBUT, the Oxford score,
and mean corneal sensitivity. The greatest changes observed
for the inferior LET could be explained by the prolonged
contact between epithelial cells and altered tears within the
inferior lacrimal river containing inflammatory factors such

as cellular debris or proinflammatory cytokines. Decreased
corneal sensitivity correlated to the inferior LET was also
observed in DED patients. Corneal nerves are implicated
in DED pathophysiology and DED patients exhibit nerves
alterations [5]. These nerves changes have been correlated to
the severity of the ocular surface lesions and might be in part
responsible for corneal sensitivity alterations. As observed
with corneal nerves, a thinner inferior LET might represent
a marker of DED severity and emphasized the role of LESCs
in ocular surface diseases.

The bulbar conjunctiva is an essential tissue of the
ocular surface with numerous ocular surface cell populations
including inflammatory cells and goblet cells [28, 29]. In
this study, the mean BET in dry eye patients was signifi-
cantly increased as compared to normal eyes. Moreover, the
thickness of the conjunctival epithelium layers was directly
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correlated to symptoms (OSDI) and tear film alterations
(TBUT). The infiltration of inflammatory cells and tissue
edema observed within the conjunctiva in DED patients
might explain, at least in part, the thickening of the conjunc-
tival epithelium [30].

Although the changes in ocular surface epithelium thick-
ness evaluated with SD-OCT are not specific of a particular
etiology of DED and may also be observed in other ocular
surface diseases, this parameter is providing useful informa-
tion for the evaluation of ocular surface tissue changes. Given
that it is already used for the evaluation of keratoconus, ocular
surface epithelial mapping, especially corneal limbus epithe-
lial mapping, might be used in association with other clinical
parameters to monitor DED ocular surface changes and
the benefit of different treatments in the future.
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Aim. To assess the effects of mydriatics commonly used in clinical practice on choroidal thickness and anterior chamber change.
Methods. This was a prospective, randomized, controlled, double-blinded study including a single eye of the participants. The
subjects were assigned into 4 groups to receive tropicamide 1%, phenylephrine 2.5%, cyclopentolate 1%, and artificial tears. At the
baseline, anterior chamber parameters were assessed using a Pentacam Scheimpflug camera system, and choroidal thickness (CT)
wasmeasured using a spectral-domainOCTwith EnhancedDepth Imaging (EDI)modality. All measurements were repeated again
after drug administration. Results. Increases in pupil diameter, volume, and depth of anterior chamber were found to be significant
(𝑝 = 0.000, 𝑝 = 0.000, and 𝑝 = 0.000, resp.), while decreases in the choroidal thickness were found to be significant in subjects
receivingmydriatics (𝑝 < 0.05).Conclusions.The study has shown that while cyclopentolate, tropicamide, and phenylephrine cause
a decrease in choroidal thickness, they also lead to an increase in the volume and depth of anterior chamber.However, no correlation
was detected between anterior chamber parameters and choroidal changes after drug administration. These findings suggest that
the mydriatics may affect the choroidal thickness regardless of anterior chamber parameters. This study was registered with trial
registration number 2014/357.

1. Introduction

Mydriatics have a broad range of applications in ocular exam-
ination and treatment to allow for pupil dilatation and/or
cycloplegia. In clinical practice, these agents are used to
achieve cycloplegia before refraction examination; to achieve
pupil dilatation before fundus examination, surgery, and
angiography; or to prevent synechia in the management of
uveitis. After administration, many changes occur in the iris
root, anterior chamber angle, anterior chamber depth, iris
thickness, and iris volume as well as pupil dilatation [1–3].

The choroidea is a vascular layer localized in the outer
sclera and inner retinal layers. It has many major functions,
including oxygenation of inner nuclear layers and retinal pig-
ment epithelium [4]. Greater understanding of the choroidal

structure may contribute to the diagnosis and management
of several eye disorders. Enhanced Deep Imaging-Optical
Coherence Tomography (EDI-OCT) allows a detailed eval-
uation of choroidea and theoretically contributes to better
understanding of a wide range of disorders. In several studies
using EDI-OCT, it has been shown that choroidal thickness
is affected by many diseases such as age related macular
degeneration [5], degenerativemyopia [6], and central serous
retinopathy [7] and several conditions such as smoking [8],
caffeine intake [9], and time of day [10]. There are studies
evaluating anterior chamber changes, visual field, and the
retinal nerve fiber layer [11, 12].

It is possible that the choroidea, a part of uvea like
iris, may display certain changes after mydriatic use. There
have been a limited number of studies measuring choroidal
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thickness after mydriatic use. In these studies, conflicting
results were reported after measurements with sufficient
dilatation in healthy individuals, suggesting no change [13, 14]
or thinning [15] in choroidea by mydriatics. In our study, we
have tested the hypothesis that choroidal changes will occur
with the administration of 3 commonly used mydriatics and
investigated whether these potential changes may be assessed
through evaluation of anterior chamber changes.

2. Methods

Subjects: this was designed as a randomized, placebo-
controlled, double-blinded study including a single eye of
participants.The study followed the tenets of the Declaration
of Helsinki and was approved by the Local Ethics Committee
of ErciyesUniversity (2014/357). All individuals received both
oral information and written information about the study,
and each was provided with written and informed consent
before participation to the study.

All individuals underwent a screening process involving a
complete ophthalmologic examination, including visual acu-
ity and refraction, slit-lamp biomicroscopy, fundus examina-
tion, and intraocular pressures measured using noncontact
tonometry. Axial length was measured using an IOL Master
(Carl Zeiss Meditec, Dublin, CA). Anterior chamber param-
eters were measured using a Pentacam rotating Scheimpflug
camera (Oculus, Wetzlar, Germany). The retina nerve fiber
layer and choroidal thickness measurements were obtained
through the Spectralis OCT (Heidelberg Engineering, Hei-
delberg, Germany).

All individuals required a best corrected visual acuity of
20/25 or better, with refractive error <5 diopters, 3 diopters
of cylinder, and absence of glaucomatous optic disc changes.
Exclusion criteria included any retinal diseases, history of
ocular injury or surgery, any reasons for poor image quality
of OCT such as unstable fixation or severe cataract, and age
younger than 18 years.

Two hundred and forty eyes of 120 individuals satisfying
the inclusion criteria were enrolled in the study between
May 2014 and September 2014. Both eyes were enrolled, and
one eye of each individual was randomly selected. A double-
blinded protocol was used, and those who evaluated the EDI-
OCT did not know which drug was administered to each
patient.

All individuals were randomly assigned into 4 groups
based on the application of drops. Subjects who received
a drop of tropicamide 1% 3 times at 5min intervals were
referred to as the tropicamide group, while subjects who
received a drop of 2.5% phenylephrine 3 times at 5min inter-
vals were the phenylephrine group. Subjects who received a
drop of cyclopentolate 1% 3 times at 5min intervals were
defined as the cyclopentolate group, and subjects who
received a drop of artificial tears 3 times at 5min intervals
were defined as the control group.

Procedure of image acquisition: the procedure of obtain-
ing EDI-OCT has been previously described [16]. The sub-
foveal, temporal, and nasal fovea choroidal thicknesses (CTs)
were measured by using spectral-domain OCT (Spectralis,

wavelength: 870 nm)with EDImodality. Subfoveal, temporal,
and nasal fovea CTs were defined as the vertical distance
from the hyperreflective line of Bruch’s membrane to the
hyperreflective line of the inner surface of the sclera. All sub-
jects were imaged by the same experienced retina specialist
(İsa Yuvacı). Two independent clinicians (Emine Pangal and
Nurettin Bayram) measured CT, and the average of these
measurements was used in the analysis. These clinicians did
not know about the other’s measurements and were also
not aware of the group divisions. EDI-OCT images of each
subject were obtained before the administration of drops and
50min after instillation. All scans were performed around the
same time of the day, between 11:00 and 12:00, to minimize
the possibility of CT changes attributable to diurnal CT
fluctuations [17].

Ocular biometrics before and after application of drops
in each subject were also assessed with the IOL Master. The
measures of axial length (AXL), lens thickness, and anterior
chamber depth (ACD) along the visual axis were obtained
through a single measurement procedure.

For each subject, corneal thickness, anterior chamber
depth (ACD), corneal volume, anterior chamber angle
(ACA), corneal curvature, and anterior chamber volume
(ACV) were obtained through Pentacam before and after
instillation of drops.

Statistical analysis: all data analyses were performed by
using the Statistical Package for the Social Sciences (SPSS)
for Windows version 22.0 (SPSS Inc., Chicago, IL, USA).
The Pearson chi-square test was used to assess qualitative
variables. Continuous variables were presented as mean ±
standard deviation. Correlation coefficient (CC) was calcu-
lated for each of the ocular parameters. The measurement
reliability of CC was considered “excellent” if the values of
CC > 0.75, “good” if the values of CC > 0.4, and “poor” if the
values of CC < 0.4.

For each continuous variable, normality was checked by
Kolmogorov-Smirnov test, and it did not depart significantly
from a normally distributed sample (𝑝 > 0.05). Homogeneity
of variances was tested by using Levene’s test. For parametric
statistics, data with normal distribution were analyzed using
one-way ANOVA test to compare the groups. When a
significant result was obtained, the Tukey test was used for
post hoc comparisons. Repeated measurements of anterior
chamber parameters, choroidal thickness, and intraocular
pressure of the groups were compared by a Paired 𝑡-test. For
nonparametric statistics, data with skewed distribution were
analyzed by using Kruskal-Wallis test. When a significant
result was obtained, Mann-Whitney 𝑈 test with Bonferroni’s
correction was used for post hoc comparisons. A 𝑝 value <
0.05 was considered statistically significant.

3. Results

Overall, 120 patients (59 males and 61 females) were included
in the study. The mean age was 30.9 ± 9.7 years (age range:
18–56 years). All patients were randomly divided into 4
groups. Groups were comprised of the tropicamide group
(𝑛 = 29; 24%), the phenylephrine group (𝑛 = 29; 24%),



Journal of Ophthalmology 3

Table 1: A summary of demographics and ocular parameters in all groups.

Tropicamide
(𝑛 = 29)

Phenylephrine
(𝑛 = 29)

Cyclopentolate
(𝑛 = 32)

Control
(𝑛 = 30) p value

Age (year) 32.9 ± 1.4 31.8 ± 1.5 28.9 ± 1.6 30.1 ± 1.4 0.382a

Gender (male : female) 17 : 12 16 : 13 14 : 18 12 : 18 0.561b

BCVA (Snellen) 1.05 ± 0.12 1.05 ± 0.15 1.04 ± 0.15 1.09 ± 0.15 0.628a

SEQ of manifest refraction
(diopters) −0.55 ± 1.49 −0.73 ± 1.60 0.01 ± 2.24 −1.0 ± 1.20 0.117a

AXL (mm) 23.4 ± 0.63 23.7 ± 0.81 23.3 ± 0.88 23.5 ± 0.86 0.425a

BCVA: Best Corrected Visual Acuity; SEQ: mean spheric equivalent, AXL: mean axial length.
Variables are expressed as mean ± standard deviation; Level of significance p < 0.05.
aOne-way ANOVA test; bPearson chi-squared test.

the cyclopentolate group (𝑛 = 32; 27%), and the control group
(𝑛 = 30; 25%). The mean spheric equivalent was measured
as −0.55 ± 1.49 diopters in the tropicamide group, −0.73 ±
1.60 diopters in the phenylephrine group, 0.01 ± 2.24 diopters
in the cyclopentolate group, and −1.0 ± 1.20 diopters in the
control group. There were no significant differences in the
demographic characteristics and ocular parameters between
those who received mydriatics and those who were in the
control group. Demographics and ocular parameters in all
groups were summarized in Table 1. Pupil diameter increased
from 3.08 ± 0.53mm at baseline to 6.47 ± 0.69mm after
drug administration in the tropicamide group, from 3.02 ±
0.50mm to 5.80 ± 0.89mm in the phenylephrine group, from
3.36± 0.72mmto 6.79± 0.74mm in the cyclopentolate group,
and from 3.19 ± 0.52mm to 3.20 ± 0.51mm in the control
group, respectively. Pupil diameter increased significantly
in the subjects who received mydriatics (𝑝 = 0.000), but
the extent of pupil diameter was found to be higher in
the tropicamide and the cyclopentolate groups than in the
phenylephrine group. The anterior chamber depth increased
from 2.88 ± 0.33mm at baseline to 2.96 ± 0.34mm after
drug administration in the tropicamide group, from 3.03 ±
0.32mm to 3.11 ± 0.34mm in the phenylephrine group, from
3.09 ± 0.33mm to 3.22 ± 0.31 in the cyclopentolate group, and
from 3.11 ± 0.34mm to 3.14 ± 0.38mm in the control group,
respectively.

These results demonstrate that the anterior chamber
depth increased significantly in the subjects who received
mydriatics when compared to the control group (𝑝 =
0.000). When it comes to the anterior chamber volume, the
study found that it increased from 154.76 ± 34.99mm3 at
baseline to 171.90 ± 31.52mm3 after drug administration
in the tropicamide group, from 178.28 ± 39.43mm3 to
193.97± 34.69mm3 in the phenylephrine group, from 187.93±
35.38mm3 to 203.84 ± 30.06mm3 in the cyclopentolate
group, and from 184.66 ± 38.97mm3 to 185.10 ± 38.94mm3
in the control group, respectively. These results also show
that the anterior chamber volume increased significantly in
the subjects who received mydriatics when compared to the
control group (𝑝 = 0.000).

The central EDI-OCT measurements before and after
drug administration were 328.65 ± 87.88 𝜇 and 302.10 ±
74.29 in the tropicamide group, 341.83 ± 73.36 𝜇 and 316.11

± 68.70 𝜇 in the phenylephrine group, 312.28 ± 84.94 𝜇 and
292.81 ± 88.69 𝜇 in the cyclopentolate group, and 326.53 ±
67.20𝜇 and 316.57 ± 75.51 𝜇 in the control group, respec-
tively. These findings indicate that the central EDI-OCT
measurements decreased significantly in the subjects who
received mydriatics when compared to the control group
(𝑝 = 0.000), but no significant difference was detected among
the tropicamide, phenylephrine, and cyclopentolate groups
in terms of choroidal thinning. Moreover, no significant
difference was also detected in the central choroidal thickness
before and after drug administration in the control group
(𝑝 = 0.172).

The temporal EDI-OCT measurements before and after
drug administration were 308.90 ± 79.36 𝜇 and 291.48 ± 72.80
in the tropicamide group, 324.34 ± 79.36𝜇 and 305.58 ±
66.94 𝜇 in the phenylephrine group, 291.41 ± 85.32 𝜇 and
280.12 ± 84.30 𝜇 in the cyclopentolate group, and 297.47 ±
68.72 𝜇 and 305.47± 67.87𝜇 in the control group, respectively.
Thus, the temporal EDI-OCTmeasurements saw a significant
decrease in the participants who received mydriatics when
compared to the participants in the control group (𝑝 =
0.000). On the other hand, no significant difference was
detected in the central choroidal thickness in the control
group (𝑝 = 0.072).The nasal EDI-OCTmeasurements before
and after drug administration were 302.10 ± 84.48 𝜇 and
286.03 ± 74.78 in the tropicamide group, 313.45 ± 66.98 𝜇 and
296.86± 64.30 𝜇 in the phenylephrine group, 290.34± 85.89𝜇
and 276.87± 86.52 𝜇 in the cyclopentolate group, and 305.53±
81.13 𝜇 and 300.77 ± 75.79𝜇 in the control group, respectively.
The nasal EDI-OCT measurements significantly decreased
in the subjects receiving mydriatics when compared to the
control group (𝑝 = 0.000). No significant differences were
detected in the central choroidal thickness in the control
group (𝑝 = 0.232). Changes in the anterior chamber parame-
ters, choroidal thickness, and intraocular pressure before and
after drug administration in all groups are summarized in
Table 2.

No statistical difference in the choroidal thickness was
observed for subjects with an increase in anterior chamber
depth and subjects with changes in anterior chamber depth
were compared (𝑟 = −0.136, 𝑝 = 0.200). The same was also
true for anterior chamber volume (𝑟 = 0.071, 𝑝 = 0.505).

In general, the mean for the pupil diameter increased
from 3.17 ± 0.85mm at baseline to 5.57 ± 1.59mm after drug
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Table 2: Changes of anterior chamber parameters, choroidal thickness, and intraocular pressure before and after drug administration.

Dilated eye Tropicamide (𝑛 = 29) Phenylephrine (𝑛 = 29) Cyclopentolate (𝑛 = 32) Control (𝑛 = 30)
PD (mm)

Before 3.08 ± 0.53 3.02 ± 0.50 3.36 ± 0.72 3.19 ± 0.52
After 6.47 ± 0.69 5.80 ± 0.89 6.79 ± 0.74 3.20 ± 0.51
Difference −3.39 ± 0.55 −2.78 ± 0.90 −3.42 ± 0.68 −0.01 ± 0.01
Pa value 0.000 0.000 0.000 0.054

ACD (mm)
Before 2.88 ± 0.33 3.03 ± 0.32 3.09 ± 0.33 3.11 ± 0.34
After 2.96 ± 0.34 3.11 ± 0.34 3.22 ± 0.31 3.14 ± 0.38
Difference −0.80 ± 0.05 −0.80 ± 0.08 −0.13 ± 0.09 −0.03 ± 0.17
Pa value 0.000 0.000 0.000 0.290

ACV (mm3)
Before 154.76 ± 34.99 178.28 ± 39.43 187.93 ± 35.38 184.66 ± 38.97
After 171.90 ± 31.52 193.97 ± 34.69 203.84 ± 30.06 185.10 ± 38.94
Difference −17.14 ± 11.53 −15.69 ± 12.17 −15.91 ± 13.44 −0.44 ± 1.16
Pa value 0.000 0.000 0.000 0.051

CEDİ (𝜇)
Before 328.65 ± 87.88 341.83 ± 73.36 312.28 ± 84.94 326.53 ± 67.20
After 302.10 ± 74.29 316.11 ± 68.70 292.81 ± 88.69 316.57 ± 75.51
Difference 26.55 ± 33.85 25.72 ± 32.66 19.47 ± 19.41 9.97 ± 38.98
Pa value 0.000 0.000 0.000 0.172

TEDİ (𝜇)
Before 308.90 ± 79.36 324.34 ± 79.36 291.41 ± 85.32 297.47 ± 68.72
After 291.48 ± 72.80 305.58 ± 66.94 280.12 ± 84.30 305.47 ± 67.87
Difference 17.42 ± 42.70 18.76 ± 38.87 11.29 ± 16.40 −8.00 ± 39.15
Pa value 0.037 0.015 0.000 0.272

NEDİ (𝜇)
Before 302.10 ± 84.48 313.45 ± 66.98 290.34 ± 85.89 305.53 ± 81.13
After 286.03 ± 74.78 296.86 ± 64.30 276.87 ± 86.52 300.77 ± 75.79
Difference 16.07 ± 40.51 16.59 ± 34.03 13.47 ± 18.06 4.76 ± 21.36
Pa value 0.042 0.014 0.000 0.232

IOP (mmHg)
Before 14.90 ± 2.94 14.48 ± 2.94 14.97 ± 2.72 14.27 ± 1.53
After 14.34 ± 2.11 14.52 ± 2.10 14.66 ± 2.51 14.10 ± 1.86
Difference 0.55 ± 3.01 −0.40 ± 1.92 0.31 ± 1.59 0.17 ± 1.91
Pa value 0.332 0.924 0.276 0.637

PD: pupil diameter, ACD: anterior chamber depth, ACV: anterior chamber volume, CEDİ: central, subfoveal, choroidal thickness, TEDİ, temporal choroidal
thickness, and NEDİ: nasal choroidal thickness.
Variables are expressed as mean ± standard deviation. Level of significance p < 0.05, a Paired 𝑡-test.

administration, while the means for the central, subfoveal,
and choroidal thicknesses decreased from 326.94 ± 78.59𝜇
at baseline to 308.29 ± 75.55 𝜇. Overall, no statistically
significant change was detected between the decrease in the
choroidal thickness and the extent of increase in the pupil
diameter (PD) (𝑝 = 0.086). No significant difference was
found between the subjects with PD > 6.0mm and with
PD < 6.0mm in the groups receiving tropicamide 1% and
phenylephrine 2.5%, but the extent of the choroidal thinning
was found to be higher in the subjects with PD > 6.0mm in

the cyclopentolate group. Overall, no significant correlations
were detected between the central choroidal thickness and
pupil diameter (𝑟 = 0.033, 𝑝 = 0.754).

4. Discussion

Mydriatics induce pupil dilatation or cycloplegia through
several mechanisms, including sympathomimetic and anti-
muscarinic activities. In Turkey, there are three commercially
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available mydriatic preparations in common use. Of these,
cyclopentolate 1% and tropicamide 1% have antimuscarinic
(parasympatholytic) effects. The major difference between
these antimuscarinic drugs is the duration of action. Phenyle-
phrine 2.5% is an 𝛼-agonist with sympathomimetic effects.
Generally, sympathomimetic agents have shorter onset and
duration of action than antimuscarinic agents. There may be
changes in several parameters, such as the iris configuration
and angle, the volume and the depth of anterior chamber dur-
ing pupil dilatation, and cycloplegia induced by mydriatics
[1–3]. Length of these changes can cause some mechanical
effects on a fixed eye. In addition, the contraction of non-
vascular smooth muscle cells innervated by sympathetic and
parasympathetic stimuli in choroidea can lead to fluid efflux
from choroidea and choroidal thinning by constriction [18–
20]. Parasympathetic effects occur in the perivascular plexus,
which affects choroidal blood flow and acts as vasodilator
[21]. Both drug classes act to increase sympathetic effect.
These potential mechanisms suggest that the effects induced
by mydriatic agent include choroidal thinning. Theoretically,
the mechanical effects of anterior chamber changes induced
by drug use, the effect of drugs on choroidea, or both can
cause choroidal changes. In the present study, we evaluated
pre- and posttreatment choroidal and anterior chamber
changes and relationships among these parameters, in order
to investigate the effects of mydriatic agents.

In our study, it was found that all mydriatic agents
led to significant choroidal thinning. No correlation was
demonstrated between choroidal changes and pupil diameter
or volume and depth of anterior chamber. In the cyclopen-
tolate group, it was found that the extent of thinning was
significantly higher in the subjects with PD > 6,0mm than
those with PD < 6.0mm. However, no such differences were
observed in the tropicamide and phenylephrine groups.

Similarly, Kara et al. [15] found choroidal thinning
after administration of 2 different mydriatic agents in their
study that measured choroidal thickness. In that study [15],
dilatation was performed in one eye, while no drug was
administered to the other eye. The authors emphasized that
both agents induced choroidal thinning without statistically
significant difference between the agents. In that study [15],
measurements were performed 60minutes after drug admin-
istration, while choroidal and anterior chamber measure-
ments were repeated 50 minutes after drug administration.
However, in our study, we used an additionalmydriatic agent,
namely, cyclopentolate 1%. Again, the subjects with PD < 6.0
were also included in our study. As a result, choroidal thin-
ning was observed in both drug classes after administration.

Contrary to our results, it was shown that there was no
change in choroidal thickness in 2 studies using mydriatic
agents [13, 14]. In their study in which choroidal thicknesses
were assessed in several quadrants of the central choroidal
region before and after Mydrin P (phenylephrine plus tropi-
camide), Kim et al. [14] reported no significant difference
between the results. In their study using tropicamide 1%
in healthy and glaucomatous subjects, Mwanza et al. [13]
reported that there was no significant difference between the
results. In our study, a significant choroidal thickness was
detected after drug use. Not only regional differences but also

differences in time tomeasurement after drug administration
and active substances used may be a factor of variation for
study results. All subjects meeting the eligibility criteria after
drug administration were included in our study. Although
mydriatics exert similar effects in different individuals, not all
individuals have equivalent susceptibility to mydriatics. For
example, variation in the extent of increases in pupil diameter
comprises a good sample, which is commonly observed in
clinical studies. In a study by Kim et al. [14], both parasym-
patholytic and sympathomimetic effects of drug used in the
study may have caused variation in mechanisms acting on
choroidea. Manual measurements may have also contributed
to these results, which may be completely incidental.

Sander et al. [22] state that according to results of their
study in which they examine the anterior chamber and
choroidal changes after a single drop mydriatic application
there exists no significant statistical difference between pre-
and postdrug anterior chamber parameters and choroidal
thickness values for placebo and phenylephrine groups. On
the contrary, in our study, we observed statistically significant
changes in phenylephrine groups, anterior chamber parame-
ters, and choroidal thickness values after mydriatic use. Both
individual and/or regional differences and the extent of the
penetration of drug into intraocular structures of eyes might
be the effective factors for the existence of such different
results. This is because, in this study [22], drug application
wasmade as a single drop. Further, the results are not different
compared to ones of placebo group. In our study, at least
three doses of drug are applied and the measurement is
made after 50 minutes. Unlike our study and a few studies
dealing with the same issue, in the same study of Sander
et al. [22], choroidal thickness is observed for the group
where 2% homatropine is used. The author of [22] noted
that this observation could be explained by the change in
the parasympathetic effect, more dominant in the posterior,
owing to drug. Except this [22], there are no studies known
about homatropine; however this drug’s mechanism of action
resembles tropicamide and the effects of both drugs on the
anterior chamber are close to each other [3]. Besides different
drug usage and individual and/or regional differences, the
variation with regard to effective concentration of drug in
eyes, aforementioned above, might be explanatory factors for
different results.

In conclusion results have failed to demonstrate a corre-
lation between the pupil diameter and choroidal changes in
the subjects with PD > 6.0mm receiving tropicamide 1% and
phenylephrine. Only in the group that received cyclopento-
late was choroidal thinning found to be significantly different
in the subjects with PD > 6.0mm compared to those with PD
< 6.0mm. The most important difference of cyclopentolate,
an antimuscarinic agent, is a longer duration of action than
the other agents used.Thus, itmay have longer effect in tissue.
Given the smaller number of subjects with PD < 6.0mm,
we think it appropriate to reevaluate these results in studies
with larger sample size, as these results may be completely
incidental.

To the best of our knowledge, ours is the first study com-
paring anterior chamber changes and choroidal thickness
after mydriatic use to be found in the literature. Our results
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have demonstrated that mydriatic drug use resulted in
choroidal thinning, which was found to be independent from
both anterior chamber depth and volume.

Although the choroidal effect that resulted from mydri-
atic use was thinning on average, it was not observed
in all participants in the same way. While there was no
significant change in some participants, there was an increase
in some others. Excluding pupil diameter changes, anterior
chamber parameters also displayed individual differences.
There was no statistically significant relationship between
anterior chamber parameters and choroidal changes. This
might lead us to think that there might be some other factors
causing changes in individual CT as a result of mydriatic use.
This may also explain why there are conflicting findings in
the literature. We are in the opinion that this subject should
be further analyzed by large-scale works that utilize different
types of data.

In the studies on choroidal thickness, it is important to
indicatewhether results are obtained before or aftermydriatic
use in order to assess study. Based on these results, it appears
to be impossible to determine the extent of drug effects on the
choroidea through evaluation of anterior chamber data.
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