KJO

pISSN: 1011-8942 eISSN: 2092-9382

Korean J Ophthalmol 2015;29(6):396-403
http://dx.doi.org/10.3341/kjo.2015.29.6.396

Original Article

Effects of Vitreomacular Traction on Ranibizumab Treatment
Response in Eyes with Neovascular Age-related Macular Degeneration

Kang Hoon Lee"’, Hee Seung Chin', Na Rae Kim', Yeon Sung Moon'

'Department of Ophthalmology and Inha Vision Science Laboratory, Inha University School of Medicine, Incheon, Korea
’Graduate School of Medical Sciences and Engineering, Korea Advanced Institute of Science and Technology, Daejeon, Korea

Purpose: To investigate the effects of vitreomacular traction (VMT) on ranibizumab treatment response for neo-

vascular age-related macular degeneration (AMD).

Methods: A retrospective review of 85 eyes of 85 patients newly diagnosed with neovascular AMD was con-
ducted. Patients were eligible if they had received more than three consecutive monthly ranibizumab (0.50 mg)
treatments and ophthalmic evaluations. Patients were classified into a VMT (+) group or VMT (-) group accord-
ing to optical coherence tomography imaging. Best corrected visual acuity and central retinal thickness (CRT)
measurements were obtained at three and six months after initial injection.

Results: One month after the third injection, mean visual acuity (VA) increases of 6.36 and 9.87 letters were ob-
served in the VMT (+) and VMT (-) groups, respectively. The corresponding mean CRT values decreased by
70.29 ym and 121.68 um, respectively. A total 41 eyes were identified as eligible for a subsequent fourth injec-
tion; 71.1% of patients (27 eyes) in the VMT (+) group but only 29.8% of patients in the VMT (-) group needed a
subsequent fourth injection. Follow-up was extended to six months for 42 of the 85 enrolled patients (49.4%).
The trends in VA and optical coherence tomography were found to be maintained at six-month follow-up.

Conclusions: VA and CRT appeared to be more improved after ranibizumab treatment in the VMT (-) group
compared to the VMT (+) group. VMT might antagonize the effect of ranibizumab treatment in a subpopulation

of AMD patients.

Key Words: Anti-vascular endothelial growth factor, Neovascular age-related macular degeneration, Optical co-
herence tomography, Ranibizumab, Vitreomacular traction

Ranibizumab (Lucentis; Novartis Pharma AG, Basel,
Switzerland; Genentech Inc., San Francisco, CA, USA) is a
humanized monoclonal antibody fragment targeting multi-
ple isoforms of human vascular endothelial growth factor
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(VEGF)-A and has become a standard treatment for neo-
vascular age-related macular degeneration (AMD) [1-7].
Optical coherence tomography (OCT)/visual acuity
(VA)-guided, individualized pro re nata (PRN) treatment,
after three initial loading doses, is now regarded to be a
successful and cost-effective option to monthly treatment,
as verified by several studies [8-12]. Additionally, it is im-
portant to identify the factors that correlate to OCT/VA
outcome in AMD patients receiving customized PRN an-
ti-VEGF treatment [13-15]. Although AMD primarily in-
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volves outer retinal layers [16-18], several authors have
suggested that the vitreous plays a role in the pathogenesis
and/or progression of AMD, especially in the presence of
incomplete posterior vitreous detachment (PVD) and its
associated vitreomacular traction (VMT) [19-31]. Further-
more, it has been suggested that vitreomacular adhesion
(VMA) and incomplete PVD-related traction force on the
fovea contribute to the development and progression of
AMD [19,23,24,30].

Controversy surrounds VMT and responsiveness to an-
ti-VEGF treatment. Lee and Koh [25] suggested that chronic
tractional forces associated with VMA might antagonize
the effect of anti-VEGF treatment in their retrospective
study using stratus OCT (Carl Zeiss Meditec AG, Jena, Ger-
many). Conversely, Mathew et al. [26] reported that the
presence of VMT did not contribute significantly to respon-
siveness to anti-VEGF treatment at one-year VA prognosis.

The purpose of the present study was to longitudinally
assess the effects of VMT in neovascular AMD patients
on response to ranibizumab therapy according to spectral
domain (SD)-OCT.

Materials and Methods

Study design

We retrospectively reviewed the records of 85 treat-
ment-nave patients newly diagnosed with choroidal neo-
vascularization (CNV) secondary to AMD at the vitreoret-
inal clinic of Inha University Hospital. Subjects with
disease duration less than one month and those who were
treated with intravitreal ranibizumab (0.50 mg) for at least
three months were selected. After three consecutive
monthly loading doses, the fourth monthly treatment was
determined according to the criteria recommended by the
PrONTO [8]and SUSTAIN [9] studies. In brief, further
treatment was performed if intraretinal fluid (IRF) or sub-
retinal fluid (SRF) persisted or recurred regardless of the
presence of pigment epithelial detachment (PED). We
treated if there was an increase in OCT >100 pum, a loss of
vision >1 line, or if a de novo macular hemorrhage was ev-
ident by clinical examination. This study was performed in
accordance with the ethical standards of the Declaration of
Helsinki and was approved by the institutional review
board of Inha University Hospital.
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Examinations

All 85 enrolled patients had received complete monthly
ophthalmic evaluations, which included best corrected VA,
fluorescein angiography, and SD-OCT. A subset of patients
underwent indocyanine green angiography at their initial
visit in order to confirm the presence of polypoidal choroi-
dal vasculopathy or retinal angiomatous proliferation. We
excluded polypoidal choroidal vasculopathy and retinal
angiomatous proliferation patients because their prognosis
is worse than that of neovascular AMD, and these patients
are frequently refractory to ranibizumab treatment [32-35].
All patients underwent VA assessment using an Early
Treatment Diabetic Retinopathy Study (ETDRS) chart,
with the use of standardized refraction and testing proto-
cols at a starting test distance of two meters at monthly
visits. The Cirrus SD-OCT (Carl Zeiss Meditec, Dublin,
CA, USA), high resolution, five-center lined scans were
used at each examination in order to evaluate whether fluid
was present. Fluid in the macula was identified as IRF,
SRF, or PED and was recorded as an OCT finding in the
macula [8]. Central retinal thickness (CRT) was used as the
measure of retinal thickness.

Inclusion and exclusion criteria

To be included in the study, patients had to be at least 50
years of age, have a best-corrected VA of 20 / 40 to 20 /
400 (Snellen equivalent, letter score from 20 to 70 letters
using the ETDRS chart at two meters), and have primary
CNYV associated with AMD. Furthermore, eligible patients
had lesion types assessed by fluorescein angiography as
predominantly classic, minimally classic, or occult with no
classic CN'V. When calculating lesion areas, we assumed a
standard disk diameter of 1.8 mm and a disk area of 2.54
mm?’ [4]. The total lesion size included the CNV and also
blockage from hemorrhages, blocked fluorescence not
from hemorrhages, PED, and fibrosis [4]. Eligible patients
were required to have an OCT CRT of at least 250 pum.
Eyes with a coexisting disease involving the posterior pole
or one that might affect the presence of VMA, such as dia-
betic retinopathy, inflammatory disease, vascular occlu-
sion, epiretinal membrane, or macular hole, were excluded.
Eyes with refractive errors >+3.00 D or <-6.00 D were not
included in order to eliminate the influence of refractive
errors on PVD [20]. Eyes that had previously undergone
laser surgery or vitreoretinal surgery were excluded, as
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were eyes that had undergone routine cataract surgery
within six months from enrollment.

Definition of vitreomacular traction

Patients were divided into a VMT (+) group and VMT (-)
group as determined by the presence of VMT at the fovea
observed using Cirrus SD-OCT (Carl Zeiss Meditec). The
vitreoretinal adhesion area was carefully analyzed by a
trained investigator (KHL). We defined VMT as a distor-
tion of the retina secondary to an abnormal tractional force
exerted on the macula when a steep slope of the inner
macular surface or a sharp angulation and localized defor-
mation of the retinal profile was detected at the hyaloid ad-
hesion site and was therefore distinguished from VMA
without traction [23,28]. Conversely, VMA, as defined, has
incomplete PVD on the macula and does not show traction
signs such as sharp angulation or inner retinal distortion
on the vitreoretinal interface allocated and was excluded
from the baseline [28]. Therefore, the VMT (-) group in-
cluded only eyes that did not show any traction component
on the macula with complete PVD.

Statistical analysis

Statistical analyses were performed using SPSS ver. 18.0
(SPSS Inc., Chicago, IL, USA). To ensure group similarity
at baseline, categorical data were assessed using the chi-
square test, and continuous variables were compared using
the independent #-test. Within each group, results at base-
line and after treatment were compared using the paired
t-test. A repeated measures analysis of variance was used
to compare mean VA and mean CRT values of the two
study groups. Independent variables without a Gaussian
distribution were compared using the Mann-Whitney
U-test. Statistical significance was accepted for p-values
<0.05.

Results

Baseline characteristics

The number of enrolled patients assigned to the VMT (+)
and VMT (-) groups were limited at 38 patients and 47 pa-
tients, respectively. Therefore, the Kolmogorov-Smirnov
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single-sample test was performed, and it showed that all
continuous variables including age, spherical equivalent
refractive error, CRT, and VA in both groups fulfilled the
requirements for a parametric statistical analysis (all, p >
0.05). Table 1 summarizes group baseline characteristics.
No significant intergroup differences were found. In addi-
tion, baseline OCT appearances, including CRT, were sim-
ilar in the two groups (Table 2).

Visual acuity/optical coherence tomography measure-
ment outcomes after three months

A VA improvement was detected in both groups one
month after the first ranibizumab injection and throughout
the first three months (Fig. 1). However, the VMT (-) group
showed greater improvement in VA during this three-
month period (p < 0.05 for all three months). A repeated
measures analysis of variance demonstrated a significant
difference in mean VA change over time in the VMT (-)
group (p = 0.008). In the VMT (-) group, 14 eyes (29.8%)
gained at least three lines of VA, and one eye lost more
than three lines of VA at three months after the first injec-
tion. Conversely, in the VMT (+) group, five eyes (13.2%)
gained at least three lines of VA, and more than half of the
patients (57.9%) in this group failed to achieve a VA im-
provement greater than one line (p = 0.032) (Table 3). Im-
provements in VA were associated with a decrease in CRT,
which continued to decrease throughout the first three
months (Fig. 2). However, CRT improvement was more
significant in the VMT (-) group throughout the three-
month period (p < 0.05 for all three months). A repeated
measures analysis of variance demonstrated a significant
intergroup difference in mean CRT changes in the VMT (-)
group (p = 0.003).

Ranibizumab treatment from month three

As mentioned above, after three monthly loading doses,
we administered a fourth ranibizumab injection based on
the criteria of the PrONTO [8] and SUSTAIN [9] studies at
month three, that is, one month after the third injection. At
visits three months after the first injections, 41 eyes were
considered eligible for a fourth injection. Of these 41 eyes,
27 (71.1%) in the VMT (+) group needed a fourth injection
one month after the third injection, whereas only 29.8% of
patients in the VMT (-) group needed a fourth injection.



Table 1. Characteristics of patients with and without VMT in

eyes with neovascular age-related macular degeneration

VMT (+) group VMT (-) group

Characteristic (n = 38) (n = 47) p-value
Age (yr) 0.838"
Mean + SD 74.34+8.56 7472 +843
Range 51-87 51-88
Age group (yr) 0.747"
50 to <60 2 (5.3) 3(6.4)
60 to <70 13 (34.2) 11 (23.4)
70 to <80 15 (39.5) 22 (46.8)
>80 8 (21.1) 11(23.4)
Sex 0.987"
Male 25 (65.8) 31 (66.0)
Female 13 (34.2) 16 (34.0)
Diabetes mellitus 6 (15.8) 7(14.9)  0.909
Hypertension 22 (57.9) 25(532) 0.665"
Pseudophakia 7 (19.1) 9(184) 0.932°
Spherical equivalent 0.52+1.26 030+1.28 0412

refractive error (D)

Initial BCVA (no. of
letters read)

Mean + SD 43.11+13.38 42.53+15.03 0.853"
<45 15 (39.5) 19 (40.4)  0.929°
>45 23 (60.5) 28 (59.6)
Type of CNV 0.978"
Occult with no 15 (39.5) 19 (40.4)
classic lesion
Minimally classic 17 (44.7) 20 (42.6)
lesion
Predominantly 6 (15.8) 8(17.0)
classic lesion
Size of lesion 411+£386  429+324 0816
measured by optic
disc area
Size of CNV 350+£3.17  3.58+325 0910
measured by optic
disc area

Values are presented as number (%) or mean + SD.

VMT = vitreomacular traction; D = diopter; BCVA = best-cor-
rected visual acuity; CNV = choroidal neovascularization.
‘Independent r-test; ‘Chi-square test; *One optic disc area is equal
to 2.54 mm” on the basis of one optic disc diameter of 1.8 mm.

Subgroup analysis of patients followed up to six
months

Only 42 of the 85 study subjects were followed for six
months. However, at this time, patient numbers did not
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Table 2. Baseline OCT characteristics of patients with and
without VMT in eyes with neovascular age-related macular
degeneration

Baseline OCT VMT (+) group VMT () group value
characteristic (n=38) (n=47) p
Central retinal
thickness (um)
Mean + SD 364.45+ 11741 352.83+113.88  0.646°
250-350 14 (36.8) 20 (42.6) 0.579"
350-450 17 (44.7) 22 (46.8)
>450 7(18.4) 5(10.6)
Baseline OCT 0.385'
appearance
IRF with SRF 15 (39.5) 12 (25.5)
IRF without SRF 12 (31.6) 19 (40.4)
SRF without IRF 11 (28.9) 16 (34.0)
PED =+ IRF or 10 (26.3) 12 (25.5)
SRF

Values are presented as number (%) unless otherwise indicated.
OCT = optical coherence tomography; VMT = vitreomacular
traction; IRF = intraretinal fluid; SRF = subretinal fluid; PED =
pigment epithelial detachment.

‘Independent f-test; 'Chi-square test; ‘Chi-square test without
“PED = IRF or SRF” variable.

12
10 4

baseline (letters)
'S
L

Visual acuity change from

0 1 2 3
Months since initial injection

Fig. 1. Visual acuities of eyes with neovascular age-related macu-
lar degeneration treated with three consecutive monthly loadings
of ranibizumab. Red and blue lines indicate mean values in the
vitreomacular traction (-) and vitreomacular traction (+) groups,
respectively. Statistical significance of differences throughout the
three-month period was confirmed by p-values of 0.036, 0.016,
0.014, respectively, according to independent #-test.

fulfill the requirements of parametric statistical analysis.
Therefore, non-parametric methods were used to compare
median values. Accordingly, 23 eyes in the VMT (+) group
were compared with 19 eyes in the VMT (-) group. Base-
line characteristics, including VA and CRT, were not sig-
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Table 3. Comparison of patients with and without VMT in
eyes with neovascular age-related macular degeneration at
baseline and three months after the first intravitreal ranibi-
zumab injection

VMT (+) group VMT (-) group

(n=138) (n=47)
Eyes that lost 15 or more 2(5.3) 1@2.0)
letters
Eyes that lost >5 to <15 9(23.7) 3(64)
letters
No change’ 11 (28.9) 5(10.6)
Eyes that improved >5 to <15 11 (28.9) 24 (51.1)
letters
Eyes that improved by 15 or 5(13.2) 14 (29.8)

more letters

Values are presented as number (%).
VMT = vitreomacular traction.
No change refers to loss or improvement of five or fewer letters.

100 ~

50

-50 1

-100

Central retinal thickness change from
baseline (um)

-150 -
0 1 2 3

Months since initial injection

Fig. 2. Central retinal thicknesses of eyes with neovascular
age-related macular degeneration treated with ranibizumab over
three months. Red and blue lines indicate mean values in the
vitreomacular traction (-) and vitreomacular traction (+) groups,
respectively. Statistical significance of differences throughout the
three-month period was confirmed by p-values of 0.023, 0.018,
and 0.007, respectively, according to independent #-test.

nificantly different in these two subgroups. Group differ-
ences in VA and CRT observed at three months were also
observed at six months. At six months after the first injec-
tion, median VA increases were 6.0 and 8.5 letters in the
VMT (+) and VMT (-) subgroups, respectively (p = 0.026).
At this time, VA improvement was associated with a de-
crease in CRT; median CRT decreased by 85.00 and 120.50
um in the VMT (+) and VMT (-) subgroups, respectively
(p =0.012).
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Discussion

In our results, mean VA showed greater improvement in
the VMT (-) group compared to the VMT (+) group
throughout the six months after the initial ranibizumab
treatment. Further, corresponding mean CRT values
showed a greater decrease in the VMT (-) group compared
to the VMT (+) group throughout the six months after the
initial ranibizumab treatment. AMD eyes with VMT had a
significantly higher rate of nonresponsiveness to an-
ti-VEGF treatment and showed unfavorable short-term
outcomes after three loading doses of ranibizumab com-
pared to AMD eyes without VMT. Although the influence
of VMT should not be overestimated, mechanical traction
forces can antagonize the effect of anti-VEGF treatment.
The anterior-posterior traction forces of VMT mainly in-
teract with the vitreoretinal interface and might be directly
applied to Miiller cells and stretching of the retinal pig-
ment epithelium. This could lead to secretion of various
pro-inflammatory cytokines, including VEGF, which plays
an important role in the pathogenesis of AMD [22,28,36-
38]. These changes might directly affect vitreoretinal ad-
hesion points that induce firmer fibrous attachments and
consequently aggravate VMT. Stefansson proposed a
mechanism for VMT-related distortion based on Newton’s
third law of motion [39]. He argued that forces acting in
opposite directions within the vitreous apply a traction
force to the retina that results in the tissue being pulled
apart [28,39]. The resulting structural changes can lead to
macular edema and could reduce oxygen and nutrient sup-
ply to retinal tissues and cause breakdown of the blood-ret-
inal barrier and potentiate disease activity [22,28]. Fur-
thermore, VMT also causes local ischemia and disrupts
the choroidal supply of macula, consequently increasing
the VEGF level [40,41]. Therefore, after an anti-VEGF in-
jection to neutralize VEGF, the AMD component stabiliz-
es, and SRF and CNV are reduced. However, the VMT-re-
lated mechanical traction force remains and can then
trigger macula ischemia and sustained macular edema,
eventually affecting visual prognosis (Fig. 3) [42].

Additionally, the anti-VEGF agent itself might increase
VMT traction force by causing contraction of the vitreous
and posterior hyaloid membrane, thus worsening retinal
distortion [43]. Furthermore, there is a possibility that an-
ti-VEGF agents induce chorio-retinal vasoconstriction,
which could further increase hypoxic damage [44-49]. Al-



Vitreous cortex

Anterior-posterior
traction to macula

RPE

Bruch’s membrane
Choroid

Fig. 3. The anterior-posterior traction forces of vitreomacular
traction (VMT) lead to stretching of retinal pigment epithelium
(RPE) cells and stimulate Miiller cells to release vascular endo-
thelial growth factor (VEGF). VEGF then induces chronic low-
grade inflammation, which directly aggravates VMT. This VMT
then completes a vicious cycle by causing local ischemia and con-
sequently increasing VEGF level. BRB = blood-retinal barrier.

though a vitrectomy likely accelerates the clearance of
drugs injected into the vitreous cavity and possibly under-
mines the goal of reducing the treatment burden [50,51],
pharmacologic vitreolysis agents or surgical vitrectomies
might be an adjuvant treatment option with VMT and for
the resistance to conventional anti-VEGF treatments in se-
lect patients [23,52,53].

Our study has several limitations. First, we conducted
this retrospective study using medical records. Therefore,
we were unable to evaluate a cause and effect relationship
between VMT and neovascular AMD. More precisely, we
could not determine whether VMT promoted the develop-
ment or progression of AMD [21,54-56] or whether AMD
promoted VMT through local inflammatory changes that
strengthen adhesion between the posterior vitreous face
and the internal limiting membrane [28,57]. There is also
the possibility that VMT rapidly progressed and affected
the prognosis independent of the effects of anti-VEGF
treatment or AMD progression. A second study limitation
is the mean follow-up of only three to six months, which is
too short of a period to allow definitive conclusions about
treatment response to be drawn. However, the prognosis of
neovascular AMD in several studies has been reported to
be strongly correlated with an immediate response follow-
ing three monthly loading doses [4-9]. Third, we enrolled a
relatively small number of patients, and the sample size
was too small to thoroughly evaluate intergroup differenc-
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es. Therefore, we suggest that a large population-based
study be undertaken to confirm our findings.

In conclusion, our results suggest that VMT affects the
treatment response to ranibizumab in eyes with AMD.
VMT associated with AMD frequently causes chronic
traction forces that might antagonize the effect of an-
ti-VEGF treatment and can cause pharmacologic resistance
in a subpopulation of patients. Although intravitreal ran-
ibizumab is associated with a substantial short-term reduc-
tion in exudation, VMT associated with AMD is much
more refractory to intravitreal ranibizumab than AMD
without VMT.
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