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Purpose: The purpose of this study was to assess whether specific characteristics of spectral
domain optical coherence tomography (SD-OCT) affect structural and functional outcomes and
number of injections needed in ranibizumab (0.05 mL of 10 mg/mL Lucentis solution)-treated
wet age-related macular degeneration (AMD) patients.

Patients and methods: This retrospective case series included 62 newly diagnosed wet AMD
patients treated with three monthly intravitreal ranibizumab injections followed by monthly
follow-up and pro re nata retreatment. The presence of dome-shaped pigment epithelial detach-
ment (PED), disruption of the retinal pigment epithelium (RPE), and subretinal and intraretinal
fluid was associated with changes in Early Treatment of Diabetic Retinopathy Study visual
acuity, central macular thickness (CMT), and number of injections needed during the 6-month
follow-up.

Results: The presence of PED was associated with lower values of CMT at presentation (399 um
[£132 um] vs 310 um [£51 um], P=0.005). The presence of RPE disruption was associated
with worse visual acuity in month 6 (0.36 [£0.22] vs 0.61 [0.45], P=0.027) and fewer injections
(4.23 [£0.92] vs 3.55 [£0.60], P=0.007). The presence of intraretinal fluid at presentation was
associated with worse visual acuity outcomes in month 4 (P=0.045) but not in month 6.
Conclusion: The dome-shaped PED was associated with lower CMT at presentation, but
it did not affect response to treatment. RPE disruption was associated with worse functional
outcomes with fewer injections. Intraretinal fluid at presentation may suggest delayed response
to treatment. Individualized SD-OCT analysis could lead to individualized approach to wet
AMD patients. SD-OCT can offer imaging biomarkers to assess the prognosis of anti-VEGF
treatment in AMD patients.

Keywords: AMD, spectral domain optical coherence tomography, prognosis, anti-VEGF,
ranibizumab

Introduction

The introduction of anti-VEGF treatment has improved the quality of life of wet
age-related macular degeneration (AMD) patients.! Moreover, modern imaging equip-
ment, including spectral domain optical coherence tomography (SD-OCT), has enabled us
to improve our understanding about the disease itself and the structural damage it causes to
the macula.? However, the classification scheme for wet AMD most widely used today is
still based on fundus fluorescein angiography (FFA) findings. It was proposed >20 years
ago by the Macular Photocoagulation Study Group that defined choroidal neovascular
membrane (CNVM) types based on their location and pattern of hyperfluorescence
(classic, occult, extra-, juxta-, subfoveal).? This CNVM classification was useful in the
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pre anti-VEGF era as it associated FFA morphology with the
treatment guidelines for wet AMD patients.

Gass* suggested that the location of neovascular complex
with respect to the retinal pigment epithelium (RPE) might
be relevant in predicting response to certain treatments and
proposed an alternative classification of CNVM (type I:
sub-RPE CNVM, type II: subretinal CNVM). Anti-VEGF
could penetrate differently in different layers of the retina
and the choroid, and therefore, CNVM location could affect
treatment. Moreover, permanent functional damage of the
retina could have developed even in cases where the structure
improves after treatment.*

A new classification scheme based on modern imaging
modalities (SD-OCT) should be associated with qualitative
and quantitative factors identified in SD-OCT affecting
response to anti-VEGF treatment.

The primary purpose of our study was to assess whether
SD-OCT characteristics affect functional and structural out-
comes in ranibizumab-treated wet AMD subjects. The secondary
purpose of our study was to assess whether SD-OCT character-
istics affect visual acuity (VA) at presentation and the number of
injections needed in ranibizumab-treated wet AMD patients.

Patients and methods
This is a retrospective analysis of a series of patients being
followed at the Medical Retina Clinic, Western Eye Hospital,
London, UK. Ethical approval was obtained from the local
hospital Ethics Committee prior to commencement of the study
and all study procedures adhered to the Declaration of Helsinki.
All participants provided informed consent for the retrospec-
tive data analysis we performed. The patients were followed
monthly at the Medical Retina Clinic, and detailed ophthalmic
examination was completed during every visit. This included
Early Treatment of Diabetic Retinopathy Study VA measure-
ment, applanation tonometry, and dilated fundus slit lamp
examination. Demographic data and ophthalmic and medical
history were also recorded during the first visit. The number of
injections during the 6-month follow-up was also recorded for
the purpose of this study. FFA was performed during the first
visit of the patient to confirm the presence of CNVM second-
ary to AMD. Macula optical coherence tomography (OCT)
was performed with the Cirrus SD-OCT (Carl Zeiss Meditec
AG, Jena, Germany) using the 512128 scan pattern, where a
6x6 mm area of the retina is scanned with 128 horizontal lines,
each consisting of 512 A scans per line. Only quality scores of
at least 5 out of 10 points were used for this study.

The inclusion criteria for our study were first-treated
wet AMD eyes in the Medical Retina Clinic of Western

Eye Hospital. The exclusion criteria included previous
AMD treatment, scores <5 out of 10 in the quality score of
the Cirrus OCT, polypoidal choroidal vasculopathy, other
retinal pathology (for example, myopic CNVM), other ocular
pathology affecting VA, history of ocular trauma, history of
eye surgery during the last 6 months before AMD diagnosis,
and follow-up <6 months after the AMD diagnosis.

The treatment protocol used was based on the PrONTO
study, which suggests a pro re nata treatment following the
initial loading dose of three intravitreal ranibizumab (0.05 mL
of 10 mg/mL Lucentis solution) injections.’

The analyzed OCT characteristics included the central
macular thickness (CMT), the presence of dome-shaped
pigment epithelial detachment (PED), the presence of an
obvious RPE discontinuity, and the presence of subretinal
or intraretinal fluid. The dome-shaped PED was defined as
a domed space formed between the RPE and Bruch’s mem-
brane filled with mixed hyperreflective and hyporeflective
materials. RPE discontinuity was defined as a hyporeflective
gap in the hyperreflective line corresponding to the RPE in
OCT. Figure 1 shows the presence of a dome-shaped PED,
and Figure 2 shows the presence of RPE discontinuity and
subretinal fluid. Figure 3 shows the presence of intrareti-
nal fluid. A single grader assessed all the macula scans
for the presence of the characteristics mentioned above.
A reproducibility study was conducted before the begin-
ning of the study, and it did not show significant variability
in the grading outcomes. More specifically, ten randomly
selected OCT scans from the AMD patients were graded
twice (2 weeks apart) by the grader of the study, and the
results were compared. The results showed high accordance
for the grading.

Statistical analysis was performed using Statistical
Package for the Social Sciences for Windows (Version

Figure | Dome-shaped PED.
Abbreviations: PED, pigment epithelial detachment; N, nasal; T, temporal.
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Figure 2 RPE discontinuity and subretinal fluid.
Note: Area of discontinuity shown in the red circle.
Abbreviation: RPE, retinal pigment epithelium.

18.0; SPSS Inc., Chicago, IL, USA). Independent samples
t-test was used to compare the structural and functional
outcomes and number of injections between the differ-
ent groups. P-values <0.05 were considered statistically
significant.

Results
A total of 62 eyes of 62 newly diagnosed wet AMD patients
(29 males and 33 females) were included in the study.
The mean age of our subjects was 72.9 years, and the mean
Early Treatment of Diabetic Retinopathy Study VA at presen-
tation was 0.59 (£0.27) improving to 0.49 (£0.38) in the fourth
month of treatment. The mean number of injections performed
in each eye during the 6 months of follow-up was 3.89 (£0.80).
The patient characteristics are listed in Table 1.

In all, 28 of our patients had a dome-shaped PED, 34 had
a disruption of the RPE, 42 had subretinal fluid, and 32 had

Figure 3 Intraretinal fluid.
Abbreviations: N, nasal; T, temporal.

Table | Characteristics of our population

Variable, mean (SD) N=62

Age (years) 72.9 (8.8)
Sex (male/female) 29/33

VA at presentation 0.59 (0.27)
VA in month 4 0.49 (0.38)
VA in month 6 0.51 (0.38)
CMT at presentation (um) 368 (118.8)
CMT in month 4 (um) 267 (70.8)
CMT in month 6 (um) 283 (74.5)
Number of injections 3.89 (0.80)

Abbreviations: VA, visual acuity; CMT, central macular thickness; SD, standard
deviation.

intraretinal fluid. The OCT characteristics are summarized
in Table 2.

Table 3 shows the functional and structural characteristics
and the number of injections in PED eyes vs non-PED eyes.
The PED eyes showed lower values of CMT thickness at
presentation, but this did not affect the functional and struc-
tural characteristics and the number of injections during the
course of treatment.

Table 4 summarizes the functional and structural
characteristics and the number of injections in RPE
discontinuity vs non-RPE discontinuity eyes. RPE discon-
tinuity was associated with worse functional outcomes in
month 6 with less injections. Further analysis of the SD-OCT
scans showed that out of the 34 RPE discontinuity eyes,
in 12 eyes, the discontinuity was located in the subfoveal
area and in 22 eyes, the discontinuity was located in the
juxta-foveal area.

Table 5 summarizes the functional and structural char-
acteristics and the number of injections according to the
presence of subretinal fluid. The presence of subretinal fluid
did not affect VA outcomes, the CMT, or the number of
injections in our case series.

Table 6 summarizes the functional and structural charac-
teristics and number of injections according to the presence of
intraretinal fluid. Intraretinal fluid was associated with worse
functional outcomes in month 4 but not in month 6.

Table 2 OCT characteristics in our population

OCT characteristic
Dome-shaped PED, no (%)/yes (%)
RPE discontinuity, no (%)/yes (%)
Subretinal fluid, no (%)/yes (%)
Intraretinal fluid, no (%)/yes (%)

n (%)

34 (55.5)/28 (45.5)
28 (45.2)/34 (54.8)
20 (32.3)/42 (67.7)
30 (48.4)/32 (51.6)

Abbreviations: OCT, optical coherence tomography; PED, pigment epithelial
detachment; RPE, retinal pigment epithelium.
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Table 3 Functional and structural characteristics of dome-shaped
PED vs non-PED eyes

Table 5 Functional and structural characteristics and number of
injections in subretinal fluid vs no subretinal fluid eyes

Variable Mean (SD) P-value Mean (SD) P-value
VA at presentation VA at presentation
No PED 0.56 (0.25) 0.50 No subretinal fluid 0.62 (0.26) 0.92
PED 0.62 (0.31) Subretinal fluid 0.59 (0.30)
VA in month 4 VA in month 4
No PED 0.51 (0.43) 0.78 No subretinal fluid 0.63 (0.52) 0.20
PED 0.46 (0.39) Subretinal fluid 0.42 (0.39)
VA in month 6 VA in month 6
No PED 0.55 (0.46) 0.50 No subretinal fluid 0.65 (0.53) 0.25
PED 0.47 (0.36) Subretinal fluid 0.48 (0.36)
CMT at presentation CMT at presentation
No PED 399 (132) 0.005 No subretinal fluid 399 (112) 0.22
PED 310 (31) Subretinal fluid 348 (115)
CMT in month 4 CMT in month 4
No PED 271 (77) 050 No subretinal fluid 236 (53) 0.15
PED 255 (61) Subretinal fluid 273 (73)
CMT in month 6 CMT in month 6
No PED 279 (77) 055 No subretinal fluid 273 (92) 0.47
PED L 293(75) Subretinal fluid 291 (70)
Number of injections Number of injections
No PED 3.85 (0.88) 0.86 ) )
PED 381 (074) No sut.)retlnall fluid 3.3(0.81) 0.14
Subretinal fluid 3.9 (0.79)

Abbreviations: PED, pigment epithelial detachment; VA, visual acuity; CMT,
central macular thickness; SD, standard deviation.

Discussion

The treatment of neovascular AMD has been revolu-
tionized in the anti-VEGF era, and the prognosis of the
disease has been greatly improved. Anti-VEGF therapies
have been proven to reduce or even reverse visual loss

Table 4 Functional and structural characteristics and number of
injections in RPE discontinuity vs non-RPE discontinuity eyes

Mean (SD) P-value
VA at presentation
No RPE discontinuity 0.52 (0.27) 0.11
RPE discontinuity 0.64 (0.26)
VA in month 4
No RPE discontinuity 0.41 (0.32) 0.22
RPE discontinuity 0.54 (0.48)
VA in month 6
No RPE discontinuity 0.36 (0.22) 0.027
RPE discontinuity 0.61 (0.45)
CMT at presentation
No RPE discontinuity 345 (78) 0.50
RPE discontinuity 372 (135)
CMT in month 4
No RPE discontinuity 300 (77) 0.003
RPE discontinuity 230 (51)
CMT in month 6
No RPE discontinuity 295 (64) 0.44
RPE discontinuity 278 (82)
Number of injections
No RPE discontinuity 4.23 (0.92) 0.007
RPE discontinuity 3.55 (0.60)

Abbreviations: RPE, retinal pigment epithelium; VA, visual acuity; CMT, central
macular thickness; SD, standard deviation.

Abbreviations: VA, visual acuity; CMT, central macular thickness; SD, standard
deviation.

in these patients.® However, because of the variability
in responses across different patients and because of the
fluctuation in response of the same patient, the predictors
for VA outcomes after anti-VEGF treatment have been
investigated.”®

Table 6 Functional and structural characteristics and number of
injections in intraretinal fluid vs no intraretinal fluid eyes

Mean (SD) P-value
VA at presentation
No intraretinal fluid 0.54 (0.22) 0.22
Intraretinal fluid 0.63 (0.30)
VA in month 4
No intraretinal fluid 0.36 (0.20) 0.045
Intraretinal fluid 0.62 (0.47)
VA in month 6
No intraretinal fluid 0.44 (0.29) 0.24
Intraretinal fluid 0.57 (0.45)
CMT at presentation
No intraretinal fluid 360 (133) 0.96
Intraretinal fluid 364 (102)
CMT in month 4
No intraretinal fluid 279 (78) 0.18
Intraretinal fluid 250 (55)
CMT in month 6
No intraretinal fluid 290 (77) 0.65
Intraretinal fluid 280 (77)
Number of injections
No intraretinal fluid 3.94 (0.70) 0.43
Intraretinal fluid 3.73 (0.90)

Abbreviations: VA, visual acuity; CMT, central macular thickness.
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Genetic, demographic, and clinical characteristics have
been associated so far in the literature with the response to
anti-VEGF treatment in wet AMD patients.’!! SD-OCT char-
acteristics have been proposed to serve as a new classification
scheme for the disease as well.”> There are many obvious
advantages with the use of SD-OCT characteristics to improve
the accuracy of prognosis for AMD: it is quick, noninvasive,
and part of the routine assessment of wet AMD subjects. !

Our study assessed whether baseline OCT characteris-
tics can differentiate the functional and structural outcomes
as well as the number of injections needed (therefore, the
possibility of early recurrence or the speed of response to
treatment) during the initial 6-month follow-up.

In our population, the presence of a dome-shaped PED
was associated with lower values of CMT at presentation, but
this did not have clinical implications regarding the response
to treatment or the number of injections needed. The presence
of fibrovascular PED is a well-established characteristic of
wet AMD." The types of CNVM have also been classified
based on their relationship with the RPE to sub-PRE (type I)
or subretinal (type II).* It seems from our results that the
presence of a large lesion underneath the RPE is consistent
with less pathological features over the RPE; therefore, CMT
values are closer to normal.

The presence of an obvious RPE discontinuity in our popu-
lation was associated with worse functional outcomes after
6 months of follow-up. RPE discontinuity is a characteristic
that can be easily identified in SD-OCT images presenting as
a hyporeflective gap in the hyperreflective RPE layer. Worse
VA is actually achieved despite the fact that CMT is lower
after 4 months of treatment in the RPE discontinuity group.
The number of injections needed was also lower in this group,
which could be explained either by the macula getting dry
quicker (due to improved penetration of anti-VEGF to the
sub-RPE space through the area of discontinuity) or by the
VA dropping below the treatment threshold. RPE discontinu-
ity could also signify photoreceptor disruption because of the
proximity of photoreceptors to RPE and therefore permanent
functional damage. To our knowledge, there are no previous
studies assessing the role of RPE discontinuity in the outcomes
of anti-VEGF therapy for wet AMD. It seems that the presence
of defined RPE discontinuity is an adverse prognostic factor
for anti-VEGF treatment response in our patients.

Although the presence of subretinal fluid was not associ-
ated with treatment outcomes in our case series, intraretinal
fluid was associated with worse VA outcomes after the initial
loading dose of four injections. However, VA outcomes
after month 6, structural outcomes, and number of injec-
tions were not different between the groups. The presence

of intraretinal fluid was associated with worse VA outcomes
in the Comparison of Age-related Macular Degeneration
Treatments Trials as well.'* It seems from our data that there
is a delay in the response to the presence of intraretinal fluid
at baseline; however, this did not affect treatment outcomes
after 6 months in our study. Different studies conducted in
different populations with different methodologies may give
different findings for similar questions. Moreover, it was
residual intraretinal fluid analyzed in the Comparison of
Age-related Macular Degeneration Treatments Trials'* and
not baseline intraretinal fluid.

There are some limitations with the design of our study.
First of all, it is a small, nonrandomized, retrospective study
with a limited follow-up time. The variables assessed were
also subjective, but a reproducibility study was conducted
before the beginning of the study that did not show significant
variability. Other factors, including genetic or demographic
variables, could also be assessed. However, it is one of the
few studies associating macula structure with treatment
outcomes in wet AMD subjects.

Conclusion

The presence of a dome-shaped PED was associated with
lower values of CMT at presentation, but it did not affect
treatment outcomes. The presence of an RPE discontinuity
was associated with worse VA outcomes. The presence of
intraretinal fluid did not affect treatment outcomes after
6 months; however, the response was delayed as VA was
worse after the initial loading dose of three injections.

Disclosure
The authors report no conflicts of interest in this work.
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