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Purpose: To describe retinal changes during Spectral Domain Optical Coherence Tomography (SD-OCT) 
guided bevacizumab treatment for neovascular age- related macular degeneration (AMD). SeĴ ings and 
Design: Single center observational study. Materials and Methods: We confi rmed wet AMD in 47 eyes of 
45 patients by fl uorescein angiography and SD-OCT. After bevacizumab injection, we examined the patients 
at 4-week intervals. During each follow-up control, we performed SD-OCT and a complete ophthalmic 
examination. Criteria for reinjection were visual acuity loss of more than fi ve ETDRS leĴ ers, and/or 
increase of central retinal thickness, sub-retinal fl uid, intra-retinal fl uid, pigment epithelium detachment. If 
reinjection criteria were not met, we advised the patient to return in 4 weeks’ time for the next scheduled 
follow-up. We used 3-dimensional SD-OCT to measure photoreceptor defects and sub-retinal fi brosis. The 
main effi  cacy endpoints were the SD-OCT measurements of the size of photoreceptor defects, the size of 
external membrane defects and the central retinal thickness. Results: Over the 12 months study period, the 
percentage of scans in 3-D imaging mode showing visible defects of the junction between inner and outer 
segments of photoreceptors increased from 38.96 to 53.8%. The percentage of scans in 3-D imaging mode 
with visible sub-retinal fi brosis increased from 33 to 52% and mean central retinal thickness decreased from 
333 μm (96-900 μm) to 272 μm (P = 0.011). Conclusion: In long-term anti- Vascular endothelial growth factor 
(VEGF) treatment for neovascular AMD, photoreceptor defects and fi brosis progress despite a decrease in 
central retinal thickness and improvements in visual acuity. We would encourage further discussion as to 
whether this is the natural course of the disease or a result of the treatment.
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Antiangiogenic therapies, such as ranibizumab (Lucentis®, 
Genentech Inc., South San Francisco, CA) and bevacizumab 
(Avastin®, Genentech Inc.), have revolutionized the management 
of age-related macular degeneration (AMD).[1-5]

The CATT (The Comparison of Age-related macular 
degeneration Treatment Trials) study and the IVAN (The 
alternative treatments to Inhibit VEGF in Age-related choroidal 
Neovascularisation randomized trial) study confi rmed that both 
drugs might be regarded as parallel concerning visual acuity 
gain and safety issues. To date, there have been no reports 
of toxicity of any anti-VEGF agent on retinal tissue in vivo or 
in vitro.[6,7] However, a slight anti-proliferative eff ect on retinal 
pigment epithelium (RPE) cells was noted.[6,8,9] Additionally, a 
cumulative eff ect and metabolic changes on the RPE cells have 
been observed.[10,11] Improvement in visual acuity is impressive 
in most patients; however, sub-retinal fl uid persists in some 
cases despite treatment. Additionally, geographic atrophy 
progression has been observed in a number of treated eyes.[12,13]

Discussion on many proposed treatment schemes continues. 
The CATT study presented slightly beĴ er results in the study 

arm treated with monthly ranibizumab when compared to 
treatment as-needed after 24 months follow-up. Minding 
cuĴ ing costs for the patient and the health system recently the 
“treat and extend” scheme was proposed. This dosing regimen 
additionally allows increasing the time between injections with 
stabilization of visual acuity in long term follow up.[14]

In parallel with the advances in drug therapies, optical 
coherence tomography has evolved and became an important 
diagnostic tool in AMD. Thanks to its high-speed data 
acquisition, high resolution, 3-dimensional imaging mode 
and the additional eye tracking available in some commercial 
devices, spectral-domain optical coherence tomography 
(SD-OCT) may enable more accurate diagnosis and follow-up.

Currently, there are no published long-term studies 
presenting SD-OCT documented changes in retinal morphology 
after anti-VEGF injections.

The aim of this study is to report on long-term SD-OCT 
documented results after SD-OCT guided treatment with 
bevacizumab.

Materials and Methods
This is a single center observational study designed to 
investigate the effi  cacy and infl uence on retinal morphology 
of intra-vitreal bevacizumab treatment on an as needed basis 
guided by SD-OCT fi ndings.
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The main effi  cacy endpoints were the size of photoreceptor 
defects, sub-retinal fi brosis and central retinal thickness in 
SD-OCT measurements. The secondary endpoint was change 
in visual acuity and the number of bevacizumab injections 
over 12 months.

We obtained informed consent from patients and approval 
of the Institutional Ethics CommiĴ ee Board. Only treatment 
naïve patients were included. Consecutive patients with any 
type of active choroidal neovascularization (CNV) in the fovea 
due to age related macular degeneration and a 12 months 
follow- up were included. Confi rmation of CNV required 
leakage documented on fl uorescein angiography and any of 
the following changes found in SD-OCT examination: Increased 
retinal thickness without sub-retinal and/or intra-retinal fl uid of 
more than 100μm, sub-retinal and/or intraretinal fl uid, pigment 
epithelium detachment [Fig. 1].

Exclusion criteria were diabetic retinopathy, advanced 
glaucoma, any cardiovascular events in the last year before 
injection, visual acuity below 0.05 with fi brovascular scars in 
SD-OCT scans.

The mean interval between initial diagnosis and treatment 
initiation was 16 days (1-30 days).

We used Spectralis® high-resolution OCT (Heidelberg 
Engineering, Germany) to obtain all images. This device, 
because of the simultaneous cooperation of high-resolution OCT 
and scanning laser ophthalmoscopy beam, allows follow-up 
scans in almost the same location with a high reproducibility 
rate. To ensure appropriate image registration from time point 
to time point we used the follow-up mode enabled by the 
machine software. We selected the 3-dimensional scanning 
mode, with 19 images on an area of 4.5 mm × 6 mm, and no 
averaging was used in order to ensure reduction of observed 
artifacts. Two experienced examiners (JM, BI) analyzed all 
B-scans. If any disagreement was noted, the senior author was 
asked to make the decision on accuracy of data.

We performed intra-vitreal bevacizumab (Avastin®, Roche, 
Reinach, Swiĵ erland) injections in all subjects as one-day 
surgery in an operating theatre and advised a scheme of 
three days pre-injection and fi ve days post-injection antibiotic 
prophylaxis. We applied topical anesthesia, put an eyelid 
speculum in place and then cleaned the conjunctival sac 
with 5% povidone-iodine solution. After repositioning of 
the conjunctiva, we administered an intra-vitreal injection of 
1.25 mg bevacizumab via an oblique scleral tunnel through pars 
plana 3.5 mm from the limbus in pseudophakic eyes and 4 mm 
from the limbus in phakic eyes. We applied a drop of ointment 
containing Hydrocortisone, Oxytetracycline and Polymyxin 
to the eye. Finally, we measured intraocular pressure with 
Goldmann applanation tonometry 15 min after the injection.

Follow-up took place on a four-week basis for the next 
12 months. During each follow-up visit, we performed an 
SD-OCT examination taking 19 B-scans at the same site each 
time by using the eye tracking and follow-up mode included 
in the commercial software. We analyzed the following 
morphologic and morphometric data: Central retinal thickness, 
the extent of fi brosis and photoreceptor layer defects [Fig. 2]. 
A photoreceptor defect was recognized when the IS/OS junction 
line became invisible at any spot of a single B-scan. To make 
comparison more straightforward we converted the number 
of B-scans in the 3-dimensional imaging mode in which the 
feature was present to a percentage i.e. if the feature was present 
in one B-scan the percentage was 1/19 = 5.26% and if a feature 
was present in 19/19 scans it was = 100% [Fig. 3]. We employed 
the commercially available Spectralis software to measure 
automatically central retinal thickness. The boundaries of the 
measurements were the internal limiting membrane and the 
outermost refl ective band seen in SD- OCT.

In addition, we performed complete ophthalmic 
examinations and tested tonometry and visual acuity initially 
and during each follow-up control. Visual acuity was measured 
on ETDRS charts in decimal scale than it was converted to 
logarithm of the minimum angle of resolution (LogMAR) and 
presented in LogMAR scale throughout the paper.

Figure 1: Spectral domain optical coherence tomography features of 
choroidal neovascularization, by which the authors qualifi ed patients 
for anti-VEGF treatment. (a) Increased retinal thickness without 
subretinal and/or intraretinal fl uid (b) Subretinal fl uid (c) Intraretinal 
fl uid (d) Pigment epithelium detachment (e) Fibro vascular pigment 
epithelium detachment 
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Figure 2: Morphologic and morphometric data that we analyzed before 
and after anti-VEGF treatment: central retinal thickness (double-head 
red arrows), fi brosis (blue arrow) and photoreceptor layer defects 
(orange arrow). “A” shows the pre-treatment B-scan, and “B” is the 
B-scan of the same area 12 months after treatment began
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central retinal thickness had decreased from 333 μm to 272 μm, 
P = 0.011. The most signifi cant improvement occurred in the 
third month of treatment and stabilized during the following 
months [Fig. 5].

Subretinal fi brosis
We initially observed sub-retinal fi brosis on 33% B-scans 
in the 3-dimensional fovea imaging mode in SD-OCT. This 
increased to 37.96% four weeks after the initial injection 
and then increased at about 2% each month until, at the 
end of the study; we observed sub-retinal fi brosis on 52% of 
B-scans [Fig. 6].

Photoreceptor defects
The initial percentage of scans with photoreceptor layer defects 
visible in SD-OCT was 38.96%, which increased to 39.98% four 
weeks after the initial injection. This percentage increased 
signifi cantly from fi rst month to the third (from 39.98 to 44.8%) 
and then gradually progressed to reach the mean of 53.8% in 
12th month.

During each monthly control visit there was a statistically 
signifi cant negative correlation between the percentage of scans 
with visible photoreceptor defects and visual acuity (P < 0.05 
for each month). Additionally each month, we observed a 
statistically signifi cant positive correlation of the percentage 
of scans with visible photoreceptor defects with visible 
fi brosis (P < 0.05 for each month) [Fig. 7].

Furthermore, we analyzed the correlation between 
changes in visual acuity and change in percentage of scans 
with photoreceptor defects. We calculated changes in visual 
acuity as the diff erence between month 3 VA and month 
12 VA and similarly calculated change in percentage of 
scans with visible photoreceptor defects as the diff erence 
between their month 3 and month 12 scores. We used the 
Spearman Rank Order Test and noted that the increase in 
the extent score of photoreceptor defects did not infl uence 
visual acuity.

We also analyzed the area where we noted new photoreceptor 
defects. We observed that they appeared in most cases in places 

After the fi rst injection, we performed reinjections in cases 
where SD-OCT revealed any of the following indications: 
Presence of sub-retinal or intra-retinal fl uid, presence of serous 
pigment epithelium detachment (PED) or increased central 
retinal thickness and in cases of loss of more than 5 ETDRS 
leĴ ers. When visual loss could not be explained by SD-OCT 
examination, we also performed fl uorescein angiography.

We used Sigma Stat 3.5 for Windows to carry out statistical 
analysis.

Results
We included 47 eyes of 45 patients and the mean age of those 
24 men and 21 women was 73.6 years.

25 patients qualifi ed for reinjection after the fi rst control 
visit. Overall, we administered a mean of 4.15 injections (from 
2 to 8) during the 12-month study period, giving a mean time 
between injections of 2.9 m.

Visual acuity
Initial mean visual acuity was 0.85 LogMAR (2.0 to 0.22 
LogMAR). Four weeks after the fi rst bevacizumab injection 
mean visual acuity improved to 0.79 LogMAR. After 
12 months mean visual acuity improvement was statistically 
signifi cant (from mean 0.85 LogMAR to mean 0.63 LogMAR, 
P = 0.001). The most signifi cant visual acuity improvement 
occurred up to month three. We recorded the best mean 
visual acuity of 0.58 LogMAR in treatment month seven. In 
the following months (7 to 12 month) visual acuity slightly 
decreased, but the diff erence between months seven and 12 
was not statistically signifi cant [Fig. 4].

Central retinal thickness
Mean central retinal thickness was 333μm at the initial 
visit (96- 900μm) and decreased to 257 μm four weeks after 
the initial injection. By the end of the study period mean 

Figure 3: For statistical comparisons between patients, we separately 
analyzed each of the 19 B-scans in each 3D raster and scored them as 
follows: Any scan containing a photoreceptor defect (a disturbance of 
IS/OS line shown here by red arrowheads) scored 1 point. If no defect 
was present (as indicated by the green arrowheads), the score was 
0. We then divided the point total for the raster by 19 and converted 
the sum to a percentage value. We used the same method to create 
comparable percentages when studying sub-retinal fi brosis

Figure 4: Visual acuity changes presented in LogMAR during 12 m 
of treatment. Mean VA rapidly improved from 0.85 LogMAR to 0.66 
LogMAR in the fi rst 3 m. At month 7 mean VA had improved further 
to 0.58 LogMAR and remained stable to month 12 (0.63 LogMAR)
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where sub-retinal fl uid was previously present and had been 
reabsorbed after anti-VEGF treatment [Fig. 8].

We noted no adverse eff ects, such as cardiovascular events 
or endophthalmitis, during the study.

Discussion
In this series, we used an SD-OCT guided bevacizumab 
treatment regimen, enabling us to propose a patient-specifi c 
treatment guideline. We confirmed that SD-OCT guided 
treatment on an “as needed” basis enables the administration 
of fewer bevacizumab injections than in randomized 
studies (4.15 per 12 months). In this study, for statistical 
reasons decimal scale was converted to logarithm of minimal 
angle of resolution. For very low vision that cannot be 
measured on Snellen chart we used conversion previously 
described by Holladay.[15] Diff erence in studied cohorts (CNV 
types, initial visual acuity) and diff erent way of visual acuity 
assessment (ETDRS scale vs. LogMAR) makes diffi  cult to 
compare functional outcomes between diff erent studies. In our 

study mean visual acuity improvement was 0, 22 LogMAR. 
In this prospective study, SD-OCT images demonstrated that 
despite improved visual acuity, the area of photoreceptor 
damage and fi brovascular scaring increase during the fi rst 
12 months.

Using TD- OCT in their study protocol, the CATT study 
confi rmed comparable results at month 12 between ranibizumab 
and bevacizumab injected each month or “as needed”. The 
mean number of injections in the CATT study group treated 
as needed with bevacizumab was 7.7 and mean gain in visual 
acuity was 5.9 ETDRS leĴ ers.[16] Also using TD-OCT to identify 
patients qualifi ed for reinjection, the IVAN study reported a 
mean of 7 injections during the fi rst 12 months for patients on 
the “as needed” protocol and a mean visual acuity increase of 
5,5 ETDRS leĴ ers.[17] To date, no studies (Pubmed Medline) have 
analyzed changes in retinal morphology viewed with SD-OCT 

Figure 7: Mean changes in photoreceptor defect score (a) and subretinal fi brosis score (b) during the fi rst 12 months of anti-VEGF treatment 

Figure 5: Mean changes in central retinal thickness during the fi rst 12 
months of anti-VEGF treatment

Figure 6: Area of new fibrosis. The corresponding areas where 
sub-retinal fi brosis enlarged was magnifi ed 2x (white square). White 
arrowheads limit area of new fi brosis on the lower B-scan. Distance 
between choroidal vessels and RPE increased due to growth of fi brotic 
tissue (distance between violet arrows). Follow up B-scan (b) was taken 
10 months after initial B-scan (a)
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after ranibizumab or bevacizumab injections over 12 months. 
We present that using SD-OCT may enable satisfactory visual 
acuity results with fewer injections. The “as needed” treatment 
protocol is based on the idea to retreat fi rst when functional 
or morphological deterioration appears. Dadgostar et al., 
reported that in patients with exudative ARMD treated with 
ranibizumab on “as needed” basis fewer injections per year 
were needed.[18] The higher resolution of SD-OCT may increase 
the sensitivity of diagnosis and may help to identify small spots 
of subretinal or intraretinal fl uid that might not show up when 
using TD-OCT.[19] Detecting early recurrence of activity in CNV 
may improve the “as needed” decision timing for reinjection 
of anti-VEGF drugs and reduce the percentage of patients 
with persistent sub-retinal fluid. Better-timed and more 
patient-specifi c intervention may have a role in minimizing 
the number of injections needed per year.

A previous Time Domain OCT study reported diff erent 
features such as central retinal thickness and increased retinal 
volume correlate with decreased visual acuity.[20] We confi rmed 
that also in spectral domain OCT such a correlation exists.

An unexpected fi nding was the progression of photoreceptor 
defects and sub-retinal fibrosis despite treatment and 
improvement in visual acuity. One possible theory is that the 
‘as-needed’ treatment regimen does not fully prevent disease 
progression. Another explanation is that these fi ndings may 
refl ect the natural disease history and that even if anti-VEGF 
drugs are capable of stopping leakage they may be incapable 
of completely preventing photoreceptor loss and fibrosis 
progression. A third hypothesis is that anti-VEGF drugs may 
promote the formation and growth of geographic atrophy. 
Most studies agree that anti- VEGF treatment is eff ective 
and that visual acuity improves or stabilizes during at least 
fi rst 24 months of treatment. Oishi managed to confi rm this 
data, showing on a single central SD-OCT B-scan that the 
IS/OS junction has a tendency to normalize during anti- VEGF 

treatment.[21] Latest research shows, on the contrary that 
geographic atrophy progresses during the course of treatment. 
The 3-dimensional scanning mode with the follow- up mode 
enables to explain both above mentioned fi ndings. As the IS/OS 
line may improve on a single B-scan it may become disrupted 
on the next B-scans only few um away at the same time. Thus, 
only 3-dimensional presentation of the whole foveal area 
enables us to have a detailed view on all changes.

Witkin et al., presented retrospective results of 12 patients 
examined with High Speed Ultrahigh Resolution Optical 
Coherence Tomography (hsUHR- OCT) one month after 
ranibizumab injections. In their Group, fi brovascular lesions 
did not change signifi cantly and photoreceptor abnormalities 
remained in all cases.[22] Recently, Jaff e and coworkers showed 
that thickness of sub-retinal tissue complex on a single 
scan (sub-retinal fi brosis and sub-retinal blood) decreases in 
the fi rst four months of treatment and then remains stable 
until month 52.[23] Most SD-OCT studies confi rm that even if 
central macular thickness decreases with treatment the area 
of the neovascular membrane remains the same either after 
bevacizumab or ranibizumab treatment.[24,25]

In this current study, we report on a prospective series of 
47 eyes followed up for 12 months with Spectral Domain OCT 
examination. During the fi rst follow-up visit, four weeks after 
treatment, percentage of B-scans with visible photoreceptor 
defects increased slightly but without statistical signifi cance. 
However, the extent of subretinal fi brosis did show a statistically 
signifi cant increase. The diff erences between previous studies 
and our study might be a result of the OCT systems used. 
Although hsUHR- OCT has a similar resolution to SD-OCT 
devices, it does not allow 3-dimensional imaging without 
which it is not possible to present the exact extent or area of a 
defect. Witkin et al., also present changes on particular scans, 
not in the entire 3-dimensional foveal area.[22] Furthermore, our 
fi nal conclusions are based on a much longer follow-up period.

During the 12-month follow-up with SD-OCT, we 
documented photoreceptor defects increased continuously 
despite bevacizumab treatment. Initially we observed IS/OS 
defects in 38.96% of the analyzed scans and this fi gure rose to 
53.8% at 12th month.

Each month, we analyzed the extent of photoreceptor defects 
to see if they correlated with visual acuity. We proved that 
patients with greater extent of photoreceptor abnormalities 
have lower visual acuity. Although, the percentage of visible 
photoreceptor defects increased, this did not correlate with 
changes in visual acuity.

After detailed analysis, we noted that visual acuity 
improvement mostly occurred in the fi rst two months. Over 
the same period, sub-retinal fl uid re-absorption and central 
retinal thickness decrease were also most signifi cant. Our 
study additionally shows that during the study period, mean 
best-corrected visual acuity was achieved in the seventh 
month of treatment in our group. From seventh months of 
treatment through to 12th month, mean visual acuity seemed to 
progressively decrease but the VA diff erences is not statistically 
signifi cant. Recently, Dunavoelgyi et al., reported the results of 
3-year treatment of wet AMD with bevacizumab in accordance 
with the offi  cial European label regimen.[26] In native treated 
patients visual outcomes after 3 years were unsatisfactory. 

Figure 8: New photoreceptor defects in an area of previously 
reabsorbed subretinal fl uid after anti-VEGF treatment. (a) Pre-treatment 
SD-OCT B-scan (76-year-old male with subretinal fl uid due to CNV in 
AMD). External limiting membrane (indicated here by yellow arrows) 
and an interrupted line corresponding with ellipsoid inner segments 
of photoreceptors (green arrowheads) are clearly visible. The area of 
subretinal fl uid is shown in the enlarged image to the right. (b) B-scan 
of the same patient taken in the exact same place, using the follow- up 
mode included in the Spectralis SD-OCT software, four weeks after 
anti-VEGF treatment showing subretinal fl uid has been reabsorbed. 
External limiting membrane is disrupted and there is no characteristic 
hyperrefl ective line to represent the junction between the inner and 
outer segments of photoreceptors (red arrowheads), the layers are 
undistinguishable
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The fi nal visual acuity in those patients showed a statistically 
signifi cant decrease when compared to initial VA. Given the 
3-year study period, this may be due to a further progression 
of the continuing photoreceptor damage that we visualized 
with SD-OCT.

We observed that in most cases new photoreceptor defects 
occur in areas where, with SD-OCT, we previously found 
sub-retinal fl uid, which was reabsorbed after bevacizumab 
injection. This fi nding may be the natural course of the disease, 
or perhaps SD-OCT or TD-OCT guided treatment, by allowing 
sub-retinal fl uid to reappear before reinjection, leads to worse 
functional results in the long term in comparison to monthly 
injections, which do not allow sub-retinal fl uid to reappear. 
The maĴ er requires further study.

The current study reports a continuous increase in 
sub-retinal fibrosis during the first year of bevacizumab 
treatment. At the beginning of the study, it was present in 
approximately 33% of analyzed scans and after 12 months of 
treatment in 52% of scans.

There is still much discussion regarding the CATT study 
having demonstrated formation of geographic atrophy in 
30% of patients treated with monthly ranibizumab injections. 
Some patients treated with monthly or as-needed bevacizumab 
also had signs of progressing geographical atrophy. In both 
the MARINA and ANCHOR trials, approximately 10% of 
patients had decreased vision despite treatment.[2,5] Rosenfeld 
et al., proved that retinal pigment abnormalities indicative 
for geographic atrophy were associated with this vision 
loss.[27] In addition, other studies confi rm that even if there is 
an incredible short-term gain in visual acuity after anti-VEGF 
drugs, this effect diminishes after at least 24 months of 
treatment.[28] Furthermore, a recent paper suggests that too 
much VEGF inhibition might have an infl uence on progression 
of geographic atrophy.[29]

A possible explanation for the above may be the role of RPE 
in phagocytosis of the outer segments of photoreceptors. RPE 
is also responsible for the passage of nutrients and oxygen 
from the choroid towards the retina and damaged RPE may 
not be able to fulfi ll this task, which would lead to disturbance 
in photoreceptors renewal. Choriocapillaris are dependent on 
RPE-derived VEGF. Mouse studies showed that aggressively 
destroying VEGF could unintentionally destroy choriocapillaris 
and furthermore produce geographic atrophy.[30-32] VEGF was 
also shown to be a survival factor for photoreceptor cells, 
Müller cells and ganglion cells.[31,33]

Our investigation suggests that anti-VEGF treatment for wet 
AMD might not prevent photoreceptor damage and sub-retinal 
fi brosis. The issue of dry AMD progression in patients treated 
for CNV may be the target for the development of future drug 
therapies.
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