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Abstract

Purpose: To compare the state of posterior vitreous in the aetiology of exudative age related macular
degeneration (wet AMD) with non-exudative age related macular degeneration (dry AMD) and
controls.

Method: We did a Prospective comparative study of 200 eyes of patients aged more than 65 years with
Spectral domain OCT and ultrasonography over a period of one year. All subjects underwent a detailed
history, physical examination and comprehensive ocular examination. Other ocular conditions like
diabetic retinopathy, macular pucker, macular hole, inflammatory diseases, myopia of more than 2D
and previous ocular surgeries are excluded from the study. Eyes with evidence of neo vascular AMD
confirmed by FFA and ICG were included in group 1. Eyes with pigmentary changes at macula or
drusens were included in group 2 and eyes without any changes are included in group 3. These patients
were followed up for duration of 6 months to see the progression at vitreomacular interface.

Results: In the present study, there is a significantly higher prevalence of VMA in patients with
choroidal neovascularisation in comparison to eyes with dry AMD and controls. More specifically the
attachment site of vitreous to the macula corresponds to the location of choroidal neovascularisation
further suggesting the relationship (95%). Patients treated with vitrectomy and anti VEGF for
associated VMT showed favourable results in terms of recurrence, visual acuity and number of anti
VEGF injections. Also patients with VMA and CNVM needed more frequent injections in comparison
to patients with no VMA.

Conclusion: Persistent attachment of the posterior vitreous cortex to the macula is another risk factor
for the development and progression of exudative AMD. Inducing PVD could be a treatment option.
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Introduction

Age related macular degeneration (ARMD) accounts for 8.7%
of the total blindness globally, and is the third common cause of
visual impairment [1]. In developed and developing countries,
age related macular degeneration is the leading cause of vision
loss in those aged more than 60 years [2] and the morbidity rises
with the increase in life expectancy. As reported in population
based studies, the prevalence of AMD in India ranges from
39.5% to 0.3% [3-5].

These proportions are likely to increase with increase in
ageing population. Many risk factors have been attributed
for development of AMD like genetic factors, inflammation
and ischemia [6]. Vitreomacular adhesion (VMA) can also
contribute to development of age related macular degeneration
[7,8]. The definite relationship between vitreomacular adhesion
and AMD as well as the long-term therapeutic effect of induction
of vitreomacular separation remains not well established [9].
The study presented herein used ultrasound, optical coherence
tomography, fundus fluorescein angiography and indocyanine
green angiography to characterize the relationship between the
posterior vitreous and the macula in subjects with both forms of
AMD and age matched control groups.
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Materials and Methods

The study was approved by the institutional review board and
written informed consent was taken from all the participating
subjects as per the declaration by Helsinki. We conducted a
prospective randomized clinical comparative study for a period
of 1 year during which 200 eyes of patients with age more than
65 years with sufficient visualization of retina for fluorescein
angiography assessed with SD OCT, ultrasonography, FFA and
ICG. Patients with previous intraocular surgery, with any kind
of retinal lasers, myopia of more than 2D and presence of any
intraocular inflammation were excluded from the study.

B scan ultrasonography was done through the lid contact
technique and the mobility of the posterior vitreous was
examined during ocular saccades. Complete posterior vitreous
detachment is seen as good after movements and partial PVD
is seen as thin, smooth, continuous membrane with focal
attachment with minimal after movements anterior to the retinal
surface. Optical coherence tomography as done after mydriasis
using Zeiss spectral domain OCT machine a 5 line raster OCT
scans through the centre of the fovea were performed with
additional lines through the upper and lower arcades, as well as
radial lines through the optic disc.
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The vitreo macular interface was assessed depending upon
VMT study group classification [10] into VMA, no VMA and
VMT. The presence of at least one of the following points on
OCT scan image is taken as VMA: Partial vitreous detachment
as indicated by elevation of cortical vitreous above the retinal
surface in the perifoveal area and Persistent vitreous attachment
to the macula within a 3 mm radius from the center of the fovea.

Presence of the following on OCT is considered as vitreo
macular traction (VMT): Acute angle between posterior hyaloid
and inner retinal surface or presence of changes in foveal
contour or retinal morphology distortion of foveal surface,
intra retinal structural changes such as pseudo cyst formation,
elevation of fovea from the RPE, or a combination of any of
these three features.

The type of AMD was classified into dry and wet AMD
depending upon fundus examination. Wet AMD was further
assessed with OCT, B scan, FFA and ICG to know the type and
activity to help us in our study and also for further management.
The wet AMD was further categorised as proposed by Freund
as type 1: sub RPE CNVM, type 2 subretinal CNVM and type 3
intraretinal CNVM or retinal angiomatosis proliferation (RAP).
The lesions were also classified as active and inactive CNVM
depending upon presence or absence of subretinal or intra retinal
fluid on OCT and active leakage on FFA or ICG.

We followed our patients for duration of 6 months. Patients in
control group observed every 6 months, patients in dry AMD
group observed every 3 months and patients in wet AMD group
observed monthly depending upon kind of treatment planed
for them. Patients needing intervention were seen on 1st post
op day, after a week and after a month. Other patients with
wet AMD who doesn’t need any intervention were observed
monthly or 3 monthly.

Statistical Analysis

Results were entered into MEDCALC statistical software.
Comparison between groups was tested using chi-square test.
For normally distributed data, comparison between more
than two populations were analysed with F-test (ANOVA).
Qualitative data were described using percentage and number.
Significance of the obtained results was judged at the 5% level.

Results

A total of 200 eyes of patients were studied. Study included 53
males and 47 females. Mean age group in the study population
is 71.2 years (Table 1). Number of eyes in each study group
(Table 2) with exudative AMD being 88 (44%), in non-
exudative AMD 86 eyes (43%), and in controls 26 eyes (13%).
Eyes were also grouped into AREDS classification subtypes
(Table 3) for further assistance in study. No AMD: None or
very few small drusens seen in 26 eyes. Remaining 174 eyes
showed some form of AMD which were further graded into
AREDS type 1: early AMD-multiple small, few intermediate
drusens or RPE abnormalities seen in 64 eyes. AREDS type 2:
intermediate AMD-extensive drusens or geographical atrophy
not involving the centre of the macula seen in 22 eyes. AREDS
type 3: advance AMD-geographic atrophy involving centre of
the macula or features of neovascular membrane seen in 88
eyes. The criteria for classifying drusens on sizes were Small
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drusens<63 microns, intermediate drusens 64-123 microns,
large drusens>125 microns. Few patients had AREDS high risk
AMD features (24 eyes) like confluent soft drusens seen in 3
eyes, marked pigmentary changes seen in 20 eyes, though visual
loss in fellow eye due to AMD was seen in one eye.

Eyes with features of CNVM were further studied for
characteristics like activity, type and location (Table 4). Out of
88 eyes with CNVM 68 eyes (77.27%) were active on OCT
and FFA, 20 eyes (22.73%) were inactive. Depending on type
of CNVM, type 1 (sub RPE) was seen in 30 eyes (34.03%),
were as type 2 and 3 (sub retinal and RAP) were seen in 58 eyes
(65.97%). Depending upon location subfoveal CNVM was seen
in 78 eyes (88.63%) and extrafoveal CNVM seen in 10 eyes
(11.37%).

On assessment of vitreomacular interface (Table 9),
Vitreomacular adhesion (VMA) on OCT was seen in 40 eyes
(45.45%) of wet AMD patients, 12 eyes (13.95%) of dry AMD
and 3 eyes (11.53%) of controls. No VMA was seen in 23 eyes
(88.46%) of control, 74 eyes (86.04%) of dry AMD and 48 eyes
(54.54%) of wet AMD patients. The incidence of VMA was high
in wet AMD 45.45% in comparison to dry AMD 11.53% and
13.95%. There was a statistically significant difference between
the wet AMD group and the control group (Table 6, RR 3.9394;
95%CI, 1.3263-11.7011; P2 <0.00001). In addition there was a
statistically significant difference between the wet AMD group
and the dry AMD group (P3=0.01719). However no difference
was found between the control and dry AMD groups (RR
1.2093; 95%CI, 0.3691-3.9620, P1=0.7513). Table 7 shows the
relation between VMA and different wet AMD characteristics.
No differences were seen between the active and non-active
CNV groups. There was no statistically significant difference
in the prevalence of VMA in cases with type 2 CNV (65.90%)
compared to cases with type 1 CNV (34.10%).

Table 1: Comparison of studied groups on demographic data.

Dry | Wet Test of
AMD | AMD | significance P

Parameters | n=200 | Control

Male 106 15 46 47
S X>=1.3636 | 0.5057
[ Female | 94 | 11| 40 | 41
Age | Median | 65.2 65 64.2 | 66.2 F=1.42 0.282
¥*: Chi-square test; F: F-test (ANOVA).
Table 2: Distribution of cases in each study group.
S.No Group Number of eyes | Percentage

1. Exudative(wet) AMD 88 44%

2. Non Exudative (dry) AMD 86 43%

3. Control 26 13%
Table 3: Distribution of cases according to AREDS classification.
AREDS n Y%
No AMD 26 13
I 64 32
I 22 11
I 88 44
High risk AMD 24 -

- Vision loss in fellow eye due to AMD
- Confluent soft drusens 3 2
- Marked pigmentary changes 20 10
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Table 4: Distribution of the studied cases according to characteristics of
CNVM.

Parameters n %
CNV activity (OCT, .
ICG and FFA) n=88 Active 68 77.27
Inactive 20 22.73
CNV type Sub RPE(type 1) 30 34.09
Sub retinal and Intraretinal
(type 2 and 3) >8 63.9
Location of CNVM Subfoveal/juxtafoveal 78 88.63
Extra foveal 10 11.36
Table 5: Comparison of studied groups according to VMA.
Dry Wet 2
Parameters | Control AMD AMD Percentage| X P
3 12 40
VMA n=55 27.50%
459 21.819 2.79
o VA (5:45%) | @1.81%) | (72.7%) 25.4665 | <0.00001
o 23 74 48 72.50%
n=145
Significance
between | P1=0.751386, P2 <0.00001, P3=0.001719
groups

Table 6: Analysis of complete PVD and VMA in wet and dry AMD.

. Risk 95% CI
VMI | Variable ratio | Lower bound | Upper bound P
Dry AMD | 1.2093 0.3691 3.962 0.7536
VMA | Wet AMD | 3.9394 1.3263 11.7011 0.0136
Control 1 - - Reference
N Dry AMD | 0.9853 0.7004 1.3862 0.9324
o
VMA Wet AMD | 0.7519 0.5169 1.0937 0.1359
Control 1 - - Reference
Table 7: Relation between VMA and wet AMD characteristics.
VMA No VMA |,
Parameters (n=40) (n=48) X p
CNV activity
T Active(n= 0
%(;g) and ctive(n=68) |30 (75%) |38 02157 10.642347
Inactive (n=20) |10 (25%) |10
Sub RPE(type
CNV type 1)(n=30) 12 18
Intraretinal 0.5462 0.4598
(type 2 and 3) |28 30
(n=58)
Location of [Subfoveal/juxta 38 40
CNVM (n=78) 2.9484 |0.085964
Extra foveal 2 ]
(10)

Table 8: Status of VMA on follow up.

Group VMA at presentation | Progression at 6 months follow up
Control 3 3

Dry AMD 12 12

Wet AMD 40 20

Our study followed up patients with VMA over a period of 6
months in all the three groups. No change in the pattern of VMA
was seen in control, dry AMD group after 6 months (Table 8).

In wet AMD group out of 40 eyes with VMA 10 patients showed
spontaneous release after treatment with anti VEGF injection
for neovascular membrane. 10 eyes which had component
of VMT underwent vitrectomy for the same with anti VEGF
injecton (Figure 1). All the patients had regressed CNVM with
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Figure 1: The pre-op and post-op OCT images of two patients with
focal and broad based VMT who underwent vitrectomy with anti VEGF
injection.

improvement in vision after 6 months of surgery and needing an
average of 2 injections treated on PRN regimen (Table 9).

Other patients with CNVM and no VMA who were treated with
anti VEGF received 1.7 injections on an average and patients
with VMA not treated with vitrectomy received 2.7 injections
on average (Table 10).

Discussion

Physiological changes in vitreous that happens due to aging has
been described by Sebag [10,11]. Vitreous goes for liquefactive
changes with weakening of peripheral adhesions so that by
eighth decade 63% of patients have visible posterior vitreous
detachment [12]. Many risk factors have been mentioned in lots
of population based studies like cigarette smoking, genetics,
age and diet in the development of AMD. The age related eye
disease study concluded few additional high risk characteristics
for ARMD like large confluent soft drusens, vision loss in fellow
eye due to AMD, and marked pigmentary changes [13-16].

Lee et al. in his study done in 2009 showed that 24.4% of
patients had wet AMD in only one eye and no signs of AMD
or wet AMD in the fellow eye [17]. But you cannot attribute
different grades of AMD and progression between two eyes of
same individual to genetic and environmental factors. There
has to be some other explanation or contributing factors for this
variation. That factor could be the relation of posterior vitreous
cortex to the macula during the course of the disease as vitreous
plays important role in providing oxygen and nutrients to the
retina.

In our study we tried to understand the role of posterior vitreous
in the pathogenesis of CNVM. We compared the status of
vitreomacular interface in control group, dry AMD patients
and wet AMD patients. The percentage of VMA in cases of
wet AMD was significantly higher than in cases of dry AMD
and the control group. These results are similar to other studies
that measured the association between VMA and AMD. Seven
studies of AMD detailed the prevalence of VMA [18-23].

All of the studies in particular studied the relation between
the vitreomacular interface and AMD and usually included a
control group, such as the unaffected fellow eye or eyes with
dry AMD. An investigation that combined these studies together
showed that the overall prevalence of VMA in patients with
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Table 9: Details of patient treated with vitrectomy.

S.No | Type of VMT |CNVM status| Intra op IV anti VEGF | Pre-op vision | No of Follow up injection|Post-op vision CNVM status at 6 months
1 |V shaped, focal active yes 20/200 1 20/60 inactive
2 Broad based active yes 20/100 1 20/60 inactive
3 | V shaped focal Active yes 20/200 1 20/80 inactive
4 | V shaped focal active yes Cf2 mts none Cf 5 mts scared
5 | V shaped focal active yes 20/80 1 20/40 inactive
6 | V shaped focal active yes Cf 1 mts 1 Cf 5 mts scared
7 | V shaped focal Active yes 20/200 1 20/80 inactive
8 Broad based active yes 20/100 1 20/40 inactive
9 | V shaped focal active yes 20/80 1 20/40 inactive
10 Broad based active yes 20/100 1 20/80 scared

Table 10: Status of VMA post intravitreal anti VEGF injections.

Status of vitreo
macular interface
at follow up [avg

duration 6 months]

No. of eyes with wet
AMD needed IV anti
VEGF

No. of injections
[avg] PRN regimen

No. of eyes with no

VMA [48] No VMA

1.7 injections

10 eyes had spontaneous
release of VMA and
10 eyes underwent
vitrectomy for release
of VMT.

No. of eyes with VMA

[40] 2.7 injections

wet AMD was 28.55% (n=684), 11.9% (n=333) in dry AMD,
and 8.8% (n=265) in unaffected control eyes. The rate of VMA
in wet AMD was higher than controls in each of these reports
[24]. These studies also showed that eyes with wet AMD were
2.15 times more likely to have VMA than controls (95% CI,
1.34-3.48; P=0.002). In addition compared to the dry AMD
group they were 2.54 times more likely to have VMA, but this
difference was not significant (95%CI, 0.88-7.36; P=0.09).

There were two previous controlled studies that studied VMA
in cases of dry AMD: one showed an increased prevalence
of VMA20 and the other a reduced prevalence [25]. A Meta-
analysis of both studies combined showed that the likelihood of
having VMA was 1.23 times that of controls, but this difference
was not statistically significant (95% CI, 0.74-2.36; P=0.53) [26].
Our study is also in acceptance with their results and showed no
much relationship between VMA and dry AMD (RR of 1.2).
But patients with wet AMD were 3.9 times more likely to have
VMA than control group which is statistically significant with p
value 0f 0.0136. A subgroup analysis of early dry AMD (drusen)
and more advanced AMD (geographic atrophy) failed to show
any significant difference between them in terms of VMA.

The patients in our study who had localised vitreous adhesion
to macula on OCT showed higher prevalence of choroidal
neovascular membrane. About 45.45% patients with CNVM had
VMA. More specifically, the attachment site of vitreous to the
macula corresponded to the location of choroidal neovascular
membrane in 95% (38 eyes of 40 eyes with VMA) patients
further suggesting causal relationship. A subgroup analysis of
our cases showed a significantly higher percentage of VMA (28
eyes out of 40 eyes with VMA) with cases having intraretinal
CNV as opposed to sub RPE CNV. The subjects with intraretinal
CNV also had a significantly worse VA.

An article by Mojana et al. [20] in 2008 quoted that VMA was
seen higher in minimally classic type of CNV compared to
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occult and classic CNVs. A paper studying AMD in Japanese
patients showed that eyes with typical AMD have less PVD
than controls but that the frequency of PVD was not different
between the polypoidal choroidal vasculopathy (PCV) eyes and
the control eyes [22].

Type 2 CNV as classified by Freund describes a CNV complex
that is located above the RPE complex and invades the inner
retina [27]. It is a more aggressive and visually debilitating
subtype as compared to type 1 which is localized in the sub-RPE
space. Although no explanation has been described in previous
literature we hypothesize that the inflammatory and ischemic
changes induced by the VMA favor the development of this
severe variant. It is also possible that these changes span the
entire length of the retina (inner and outer) and therefore explain
the intraretinal invasion.

However, we did not get any cases of type 3 CNV or RAP.
Another study by Robison et al. [19] quoted a higher percentage
of PVD in dry AMD patients and VMA being seen more in
patients with wet AMD. They assumed that vitreo macular
adhesion is acting as pro angiogenic factor and is the one causing
increased release of VEGF and progression of CNV. Sebag et
al. [28] recently proposed a unifying concept of vitreoretinal
diseases. The anomalous attachment of the vitreous could, in
theory, exert a tractional effect. We are in acceptance with his
theory as VMA is one of the strong risk factor for progression
of AMD.

Ikeda et al. first performed vitrectomy for 12 eyes of 11 patients
with VMA and neovascular AMD. After 6 months, CNV
regressed in six eyes (50%) and completely disappeared in two
eyes (17%). Moreover, visual acuity improved in four eyes, was
maintained in four eyes, and decreased in four eyes [29].

Mojana et al. performed vitrectomy in five eyes with VMT,
and four of the five eyes showed an improvement in visual
acuity and a decrease in central foveal thickness on OCT [30].
Furthermore, two case series reported that vitrectomy can
induce CNV regression in patients with VMT and neovascular
AMD [31,32]. Sakamoto et al. showed that CNV can regress or
disappear after vitrectomy (40/54 eyes) and CNV settled more
significantly in eyes with PVD than in eyes without PVD [33].

Schramm et al. investigated the efficacy and safety of a core
vitrectomy in patients with neovascular AMD treated with anti-
VEGF therapy and they concluded that core vitrectomy might
produce similar functional outcomes with respect to decreasing
the number of intravitreal ranibizumab injections required over
48 weeks, even though it can induce more CNV bleeding [34].
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All of these studies demonstrate that vitrectomy can improve
functional and anatomical outcomes or reduce the number of
anti-VEGF injections in eyes with VMA and neovascular AMD.
Benefits of vitrectomy can be achieved by increasing oxygen
diffusion from the anterior chamber to the vitreous cavity
and diffusion of VEGF and other proangiogenic cytokines
that are trapped between the posterior vitreous and ILM [30].
Furthermore, in vitrectomized eyes, the passage of anti-VEGF
from the vitreous to subretinal space is not disturbed by the
posterior vitreous cortex during anti-VEGF treatment.

Our study also included a subgroup with 10 cases of CNVM
which had components of vitreomacular traction and subretinal
fluid. These eyes were subjected for vitrectomy and release of
traction with intra-op anti VEGF injection. The follow-up of
these eyes was favorable as all patients showed improvement
in vision and they did not show any recurrence of activity till
date. They also needed one injection less than other patients.
However, prospective studies are necessary to confirm the role
of vitrectomy in AMD pathogenesis and progression.

There are several proposed mechanisms of how a VMA might
induce the progression of AMD. It might be due to a chronic
low grade inflammation that is induced by the mild traction
leading to the development of advanced AMD [35-37]. This
theory might also partially explain the presence of a higher
percentage of VMA in patients with intraretinal CNV whereby
the inflammation induces of trans-retinal weakening allowing
the subretinal CNV to penetrate into the inner retina. It might
also be the other way around whereby the intraretinal CNV
creates a trans-retinal inflammation that prevents the posterior
vitreous from detaching. Another possible theory is that the
presence of an attached posterior vitreous leads to a state of
hypoxia and decreased nutrition which in turn leads to increased
progression of AMD.

In addition, it might also result in the entrapment of several
cytokines including vascular endothelial growth factor that might
lead to the development of CNV. This might also explain why
patients with wet AMD and VMA respond less to anti-VEGF
drugs and require more injections because of the combined
effect of a higher concentration of cytokines and because of
the inability of the drug from reaching adequate concentrations
at the macular area. Recent analysis from the EXCITE study
showed that patients with VMA that developed a PVD showed
better response than patients with sustained VMA [38-41].

Sebag and Hageman [42] emphasized that there are many
embryologic, molecular, and structural similarities between
the Bruch membrane and the internal limiting lamina of the
retina, and thus it is likely patients who have VMA also have
a weakened Bruch’s membrane that not only allows for the
progression to wet AMD but also allows for the development of
intraretinal CNV. In our study patients with CNVM and VMA
received an average 2.7 injections in comparison to patients
without VMA who received 1.7 injections, one injection more
which is significant in a country like India. We also noticed
that 10 eyes had spontaneous release of VMA who required no
further injections.

Inspite of abundance of knowledge about the vitreomacular
interface and advanced instruments to record the events, the
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exact role played by VMA in the pathogenesis of AMD remains
uncertain. There is a need for further studying of this aetiology.
Emergence of pharmacological vitreolysis [43-45] which aims
in inducing PVD in cases with VMT will be game changer as
it will act as a prophylactic treatment and a protection from
developing wet AMD.

Our study had a drawback of small number of patients in the
control group and few patients couldn’t get ICG done due
financial constraints. Both these things could have further altered
our study outcome. On stronger note we went and operated few
patients with vitreo macular traction and AMD which showed
favorable results postoperatively which strongly suggests VMA
as a risk factor for AMD and its progression.

Conclusion

To summarize our study results show a strong relation between
vitreomacular adhesion and wet AMD in particular intraretinal
CNV. Studies with larger population and longer follow-ups
should be done which can support our findings. Inducing PVD
in high risk patients could be a treatment option in hands of
treating ophthalmologist.
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