
415Hatz K, et al. Br J Ophthalmol 2022;106:415–421. doi:10.1136/bjophthalmol-2020-317563

Clinical science

Microvascular abnormalities and long- term efficacy 
after stereotactic radiotherapy under continued 
intravitreal anti- VEGF treatment for neovascular AMD
Katja Hatz    ,1,2 Frank Zimmermann,3 Emmanouil Lazaridis,4 Dimitrios Kardamakis,5 
Magdalena Guichard,1 Cengiz Türksever,1 Christian Pruente,6,7 
Ursula Margarethe Schmidt- Erfurth    ,8 Bianca S Gerendas    8

To cite: Hatz K, 
Zimmermann F, Lazaridis E, 
et al. Br J Ophthalmol 
2022;106:415–421.

 ► Additional material is 
published online only. To view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
bjophthalmol-  2020-  317563).

1Vista Klinik, Binningen, 
Switzerland
2University of Basel Faculty of 
Medicine, Basel, BS, Switzerland
3Department of Radiation 
Oncology, University Hospital 
Basel, Basel, BS, Switzerland
4EyeRAD Swiss Medical Center, 
Binningen, Switzerland
5Department of Radiation 
Oncology, University of Patras 
Department of Medicine, Patras, 
Achaea, Greece
6Department of Ophthalmology, 
University of Basel, Basel, BS, 
Switzerland
7Institute of Molecular and 
Clinical Ophthalmology, Basel, 
Switzerland
8Department of Ophthalmology 
and Optometry, Medical 
University of Vienna, Wien, 
Austria

Correspondence to
Dr Katja Hatz, Vista Klinik, 
Binningen, Binningen, 
Switzerland;  
 katja. hatz@ unibas. ch

Received 28 July 2020
Revised 23 October 2020
Accepted 30 October 2020
Published Online First 
21 December 2020

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Background For treatment of neovascular age- related 
macular degeneration (nAMD), multiple intravitreal 
injections of drugs targeting vascular endothelial growth 
factors (VEGF) result in a high burden for patients and 
healthcare systems. Low- energy stereotactic radiotherapy 
(SRT) might reduce the anti- VEGF need. This study 
evaluated the long- term efficacy and safety of adjunct 
SRT to anti- VEGF injections in a treat- and- extend 
regimen in nAMD.
Methods 50 consecutive patients were followed 3 
years after single- session SRT, a safety analysis including 
standardised study imaging, and a reading centre based 
image analysis was performed after 2 years.
Results After increase from baseline (4.24±0.66 
weeks) to 12 months (7.52±3.05 weeks, p<0.001), 
mean recurrence- free anti- VEGF treatment interval 
remained stable at 24 (7.40±3.17, p=0.746) and 36 
months (6.89±3.00, p=0.175). Mean visual acuity 
change was −5.8±15.9 and −11.0±20.1 letters at 
24 and 36 months, respectively. 36% of eyes showed 
microvascular abnormalities (MVAs) on colour fundus 
photography and/or fluoresceine angiography most 
frequently located in parafoveal inferior and nasal 
regions.
Conclusion In real life, low- energy SRT was associated 
with a reduced anti- VEGF injection frequency through 
year 3. However, due to an observed visual acuity 
reduction and remarkable number of MVAs, a close 
follow- up of these patients is recommended. The real- 
life use, optimal treatment schedule and dose should be 
rediscussed critically.

INTRODUCTION
Age- related macular degeneration (AMD) is the 
leading cause of severe visual impairment in indi-
viduals over 50 years in developed countries.1 
Intravitreal injections of antivascular growth factor 
(anti- VEGF) substances have become the gold stan-
dard in treatment of neovascular AMD (nAMD).2 
Despite an improved prognosis,2 in the real world, 
the visual acuity outcomes are often disappointing 
due to insufficient frequency of follow- up/treat-
ments.3 Continuous injecting schemes like fixed4 
or the treat- and- extend regimen (TER)5 6 provide 
better visual acuity results compared with the 
widely used pro re nata (PRN) regimen. However, 
beside the high burden for the patients, the costs 

are enormous.7–9 Therefore, different adjunct 
treatments aiming to reduce anti- VEGF treatment 
frequency have been considered, such as verte-
porfin photodynamic therapy10 11 or radiation 
therapy.12–17

Generally, there are two types of radiotherapy 
being reported in nAMD: the external and the 
internal type. In the external type, called tele-
therapy, an individually conformed radiation beam 
of an external source is projected into the target 
tissue.18 19 Stereotactic radiotherapy (SRT) is a 
special type of teletherapy using multiple narrow 
beams of radiation (kilovoltage or megavoltage) 
being used to target small, well- defined areas with 
high precision under perfect positioning of the 
patient and using navigational systems as frames 
or imaging, such as the IRay System (Carl Zeiss 
Meditec AG Germany).15–17 In the internal radio-
therapy type, called epimacular brachytherapy 
(EMBT), a radiation source is directly placed next to 
the target site surgically.12–14 In a few studies, EMBT 
combined with anti- VEGF injections led to a reduc-
tion of anti- VEGF retreatments,12–14 while another 
study failed to show superiority of EMBT regarding 
fewer injections.20 In contrast, SRT as a special type 
of external radiotherapy significantly reduced the 
number of anti- VEGF injections compared with 
SRT- sham treatment in the INTREPID (IRay Plus 
Anti- VEGF Treatment For Patients With Wet AMD) 
trial.16 During a short- term follow- up, it seems that 
the combination of the more strict anti- VEGF TER 
and SRT could prevent the vision loss as shown in 
INTREPID while significantly lengthening the anti- 
VEGF treatment interval.17 However, it remains 
unclear if this effect persists over a long term.

In the reported trials, the rate and extension 
of side effects was different, probably due to the 
different approaches reflecting radiotherapy side 
effects.18 Radiation retinopathy (RR) is the most 
dreaded long- term complication of radiotherapy to 
the eye. It has extensively been studied in patients 
with ocular tumours21 but was also shown in nAMD 
radiation eyes; for both approaches, EMBT and 
SRT, the rate of patients with microvascular abnor-
malities (MVAs) as signs of RR were low until end 
of year 2.13 14 16 20

However, evaluation of MVAs due to radio-
therapy for AMD followed different methods 
within these trials. Mostly the fields evaluated by 
fluoresceine angiography and/or colour fundus 
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photography were not described in detail, and the authors exclu-
sively reported central results regarding MVAs.16 22 23 Due to 
the moment of setup of these trials, time- domain optical coher-
ence tomography (OCT) was used instead of spectral- domain 
(SD) OCT. Grading was performed by reading centres in a 
standardised manner. However, the extent of MVAs and their 
appearance in the retinal periphery are remaining unclear espe-
cially with SRT using microcollimated X- ray.

Therefore, the aim of this study was to provide a report 
about longer term efficacy and safety (including peripheral 
fluoresceine angiography and SD- OCT evaluation) of an 
SRT/TER combination therapy in nAMD in a clinical routine 
setting.

MATERIALS AND METHODS
This retrospective study followed 50 consecutive patients 
regarding visual acuity and effective treatment intervals up to 36 
months and included an extensive imaging safety analysis after 
about 2 years. In all patients, SRT was performed by EyeRad 
Swiss Medical Center Binningen, Switzerland, within clinical 
routine between August 2013 and November 2014. The study 
and all its documents followed the tenets of the Declaration of 
Helsinki, International Council for Harmonisation – Good Clin-
ical Practice guidelines and Swiss law; the protocol was reviewed 
and approved by the local ethics committee (Ethikkommission 
Nordwestschweiz; EKNZ No 2015–251). According to local 
requirements, general informed consent regarding retrospective 
analyses of data and use of imaging material was obtained from 
all patients.

Following the recommendations of INTREPID,24 the initial 
patient selection criteria for SRT included: persistent nAMD 
activity despite 4- weekly anti- VEGF injections or necessity for 
frequent injections (4- weekly or 6- weekly); lesion within the 
central 4 mm circle; no advanced fibrosis or pigment epithelium 
atrophy zones as evaluated by OCT; 20 mm <axial length of bulb 
<26 mm; and ability to sit quietly with a slightly bowed head 
for approximately 30–60 min.17 Patients with diagnosis of any 
concurrent retinal vasculopathy were excluded. Patients were 
recruited from a clinical routine TER setting (see further). Single 
session SRT was performed using the IRay System (Carl Zeiss 
Meditec AG Germany) within the patient’s specific anti- VEGF 
treatment interval, mostly within the last 2 weeks before next 
injection. The three sequential beams converge on the retina, 
delivering a 16 Gy dose to an area 4 mm in diameter, centred 
on the fovea. This non- invasive system comprises a precision- 
controlled X- ray tube, a patient interface, an eye stabilising 
device, an eye- tracking system, a graphical user interface and 
software for treatment planning. The system15 and the proce-
dure in our setting17 have been described in full previously and 
were approved for clinical use in Europe.

The anti- VEGF pretreatment and follow- up at Vista Klinik 
Binningen, Switzerland, followed a strict TER.6 Within this 
protocol, anti- VEGF injections were performed due to a stan-
dard procedure25 at each visit. If no signs of intraretinal or 
subretinal fluid were observed on OCT or had remained stable 
for three consecutive visits and no new haemorrhage was visible, 
treatment intervals were sequentially lengthened by 2 weeks, 
from a starting interval of 4 weeks to a maximum of 12 weeks. 
In the case of OCT observed instability (new or increasing fluid) 
or new haemorrhage, treatment intervals were shortened by 
4 weeks to a minimum of 4 weeks. If no recurrence or insta-
bility was shown with the maximum interval of 12 weeks, this 
was repeated two further times (in total 3×12 weeks) followed 

by 2- monthly observations (if stable within all three 12- week 
intervals).

Safety diagnostics was performed between April and September 
2016 on both eyes including:

 ► SD- OCT (Spectralis, Heidelberg Eng, Germany) at Macular 
Volume Scan setting at High- Speed Mode, 20° × 20°, 49 
sections, 15 frames.

 ► ETDRS seven- field colour stereoscopic pairs of photographs 
(FF450, Zeiss, Germany).

 ► Fluoresceine angiography (FA) using a standardised study 
protocol with 30° settings in the seven ETDRS fields and 
additionally imaging of the periphery with a 55° setting in 
eight directions of gaze (HRA2, Heidelberg Eng., Germany).

Masked evaluations of SD- OCT, colour fundus (CF) and 
FA images followed standard reading protocols at the Vienna 
Reading Center, an independent digital reading centre. Validated 
computer- assisted grading software was used, and the readers 
were trained according to the Vienna Reading Center protocol 
and received regular supervision by the grading leaders.

Data analysis
Data are presented as mean or percentage±SD. Differences 
between baseline and follow- up visits were tested for statis-
tical significance using paired t- tests. P values (two sided) were 
considered significant if p<0.05. All statistical analyses were 
performed using SPSS V.27.0 for Windows.

RESULTS
We evaluated 50 eyes of 50 consecutive patients. Mean age was 
78.2±6.7 years, and 31 (62%) patients were female. All patients 
had a history of anti- VEGF pretreatment prior SRT (37.6±21.4 
months; 26.1±2.4 anti- VEGF pretreatments; 60%/40% 
receiving aflibercept/ranibizumab). For detailed baseline charac-
teristics, see Hatz et al.17 The previous to SRT used anti- VEGF 
TER was continued during follow- up: for 48/50 eyes follow- up 
was available up to 36 months after SRT, and 2/50 eyes were lost 
to follow- up between 24 and 36 months. All patients attended a 
safety visit 24±4 months (range 18–33 months) after SRT.

Visual acuity and treatment intervals
Best- corrected visual acuity (BCVA) remained stable during the 
first 12 months after SRT (before SRT 64.0±15.1 letters, 12 
months 63.6±16.2 letters, p=0.744) but decreased afterwards. 
The BCVA change was −5.8±15.9 and −11.0±20.1 letters at 
24 and 36 months, respectively (figure 1). Eleven of 50 (22%) 
and 16/48 (33%) eyes lost ≥15 letters (three lines) at 24 and 
36 months, respectively. Among the ≥15 letters losers the great 
majority were pseudophacic, while only in three and five eyes, 
respectively, the vision loss was partly attributable to cataract 
progression. Only two eyes gained ≥15 letters at 24 months 
(both after cataract surgery during follow- up) and three eyes at 
36 months (2/3 after cataract surgery).

Mean maximum recurrence- free treatment interval (RFTI) 
was significantly increased from 4.24±0.66 weeks before SRT 
to 7.52±3.05 weeks at 12 months (p<0.001) and afterwards 
remained stable at 24 and 36 months (7.40±3.17/6.89±3.00 
weeks, p=0.746/0.175). At 36 months, three patients had reached 
our TER exit criterion (3× stable 12 weeks interval). However, 
at 36 months, 16/48 eyes (33%) had the same maximum RFTI 
like before SRT or shorter. Of these, six eyes never reached a 
longer RFTI during the follow- up, while the others had shown 
longer RFTIs at 12 or 24 months. In total, 25/50 eyes (50%) did 
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not reach anymore their individual maximum RFTI (reached at 
earlier follow- ups) at last evaluated visit.

MVAs at colour fundus photography (CF) and FA
Twelve months after SRT, there were no signs of MVAs due to 
RR at biomicroscopic examination. Reading centre evaluation of 
standardised CF of the 24±4 month safety visit revealed cotton 
wool spots in 17/50 (34%) SRT eyes but in none of the fellow 
eyes. Twelve per cent SRT eyes showed dilated or tortuous 
vessels, 6% microaneurysms and 6% retinal vessels sheathing or 
narrowing (none of these changes in fellow eyes). None of the 
latter MVAs have been seen in eyes without cotton wool spots. 
For example, see figure 2. The majority of MVAs occurred in 
the nasal and/or inferior outer ETDRS grid subfield and/or the 
upper part of field 5 (figure 3). Thirteen of 50 (26%) SRT eyes 
showed haemorrhages, four of these without other RR signs and 
therefore rather attributable to choroidal neovascularisation 
activity. For detailed findings/location, see table 1.

Autofluorescence imaging revealed geographic atrophy (GA) 
in 24/50 (48%) SRT eyes (mean area 3.901±7.005 mm2) and in 
17/50 (34%) fellow eyes (9.746±16.822 mm2). While 10 SRT 
eyes showed GA without having GA in the fellow eye, only three 
fellow eyes showed GA without GA in the SRT eye. In 48/50 
patients, FA was performed, one patient did not agree and in 
one patient FA was not performed due to significantly reduced 
general condition and a history of multiple allergies. For detailed 
FA findings and their locations, see table 1. Nine of 48 (19%) 
patients showed capillary non- perfusion areas (mean size within 
central ETDRS grid 2.911±2.118 mm2), of these four within 
the central 1 mm ETDRS subfield. For example, see figure 2. 
Only one eye with capillary non- perfusion at FA did not show 
changes at CF; the others had also MVAs at CF. Most changes 
were located in the inner and outer inferior and nasal ETDRS 
subfields. Peripheral FA did not reveal any MVAs outside the 
ETDRS fields 1–7. Taking together the results of CF and FA, 
18/50 (36%) SRT eyes showed MVAs (without haemorrhages). 
There was no significant difference in mean BCVA change 
between eyes without and with MVAs at 24 and 36 months 
(−5.4±18.2 vs −6.4±11.4 letters, p=0.831; −9.7±19.2 vs 
−13.4±21.9 letters, p=0.545).

SD/OCT findings
Mean central retinal thickness decreased from 407.3±153.2 µm 
before SRT to 320.2±112.1 µm at 12 months and afterwards 

remained stable at 316.9±135.1 µm at 24 and 307.3±124.3 µm 
at 36 months (p=0.8416, p=0.5826). The safety evaluation 
after 24±4 months revealed a ‘dry retina’ (no intraretinal or 
subretinal fluid) in 36%, intraretinal cysts in 44% and subretinal 
fluid in 38% of eyes; 18% showed both. For AMD specific OCT 
findings and their location, see online supplemental table 1.

Comparison of retinal layer thicknesses within the nine 
ETDRS grid subfields between baseline (before SRT) and safety 
visit showed a significant decrease in the central 1 mm subfield 
and the central point of the following layers: entire retina (inner 
limiting membrane (ILM) to retinal pigment epithelium (RPE)), 
outer retina (inner–outer segment junction (IS- OS) to RPE) and 
the nerve fibre layer (NFL) (ILM to outer border of NFL). For 
the entire retina significance for the decrease from baseline was 
further reached in the inner and outer inferior subfields as well 
as the inner nasal subfield. The NFL (ILM to outer border of 

Figure 1 BCVA changes (with 95% CIs) during follow- up: baseline 
refers to SRT; all patients were anti- VEGF pretreated. anti- VEGF, 
anti- vascular growth factor; BCVA, best- corrected visual acuity; SRT, 
stereotactic radiotherapy.

Figure 2 Example of microvascular abnormalities in two patients (A 
and B): colour fundus ETDRS F2 image (A1 and B1), FA ETDRS F2 early 
phase (A2 and B2), FA ETDRS F2 early phase with central ETDRS grid 
(A3 and B3) and FA ETDRS F2 late phase (A4 and B4). Both patients 
with cotton wool spots (CF) and blockade due to cotton wool spots 
(FA). Patient A shows further microaneurysms, haemorrhages and vessel 
abnormalities (CF) as well as capillary non- perfusion, microaneurysms 
and retinal vessel leakage and calibre abnormalities (FA). Visual 
acuity was 55 (A) and 65 (B) letters at baseline, visual acuity loss 
was 20 letters (A) and 0 letters (B) at 36 months. CF, colour fundus 
photography; FA, fluoresceine angiography.  on M
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NFL) showed a significant decrease within its thickest area, the 
outer nasal subfield, representing parts of the papillomacular 
bundle, and a non- significant trend in the directly neighbouring 
inner nasal subfield. Among all ETDRS subfields the inner and 
outer basal subfields were most affected by a thickness decrease. 
For detailed results and p values, see table 2.

DISCUSSION
This real- life but reading centre based safety analysis 24±4 
months after single session SRT in continuously anti- VEGF 
treated nAMD eyes revealed MVAs in 36% of SRT eyes, most 
frequently located in the parafoveal inferior parts and accompa-
nied by reduction of retinal layer thicknesses in the same areas 
and a possible loss in nerve fibre thickness in the papillomac-
ular bundle. At 36 months, we found a mean reduction in visual 

acuity of about two lines and still prolonged treatment intervals 
in a TER compared with prior SRT.

Comparing our visual acuity results with INTREPID16 26 (for 
16 Gy group −10.0 and −20 letters at 2 and 3 years, respec-
tively), in our study, the loss from baseline was less severe 
(−5.8±15.9 and −11.0±20.1 letters). The continued anti- VEGF 
treatment using TER might have improved the visual acuity 
outcome in our population compared with the PRN treated 
INTREPID population. The metaanalysis by Kim et al5 favours 
TER in comparison with PRN regarding visual acuity outcome. 
The good treatment adherence with TER that combines each 
evaluation visit with an injection is also reflected by the stable 
mean treatment intervals through years 2 and 3 in our study. 
However, comparison of SRT and anti- VEGF combined treat-
ment with long- term anti- VEGF monotherapy suggests a worse 
visual acuity outcome with the combined treatment. Recent 
long- term analyses of monotherapy revealed much more favour-
able visual acuity outcomes,27 28 which argues against the course 
of disease itself as only reason for this significant vision loss 
between years 1 and 3 in our population. However, comparison 
across studies is always problematic due to differences in case 
selection and so on and needs to be interpreted with consid-
erable caution. Furthermore, our study showed no significant 
difference regarding visual acuity loss between eyes with MVAs 
and without MVAs, which might either be caused by our rather 
low patient number or it could be an argument against MVAs as 
reasons for visual acuity loss.

In our population, 12 months after SRT, there were no signs 
of RR at biomicroscopic fundus examination,17 while after 24±4 
months (range 18–33 months), 36% of SRT eyes showed MVAs 
in CF and/or FA. It remains unclear if FA would have revealed 
any early MVA changes if it was performed after 12 months. 
The interval until diagnosis of MVAs after radiotherapy for 
nAMD varies quite much but has been shown to be less than 12 
months only rarely.23 26 The frequency of MVAs in our real- life 
setting was comparable with this in INTREPID year 3 (30.3%) 

Figure 3 Distribution of microvascular abnormalities (CF) in relation 
to the SRT spot size. CF, colour fundus photography; SRT, stereotactic 
radiotherapy.

Table 1 Microvascular abnormalities within the central ETDRS grid (total, central 1 mm, inner ring, outer ring) and outside grid at CF and FA

Finding Percentage of patients Major locations Further locations

Colour fundus photography (CF) 
(n=50)

    

Cotton wool spots 34 Outer inferior and nasal ETDRS grid subfields. Inner inferior ETDRS grid subfield: F5, F3, F4 and F1.

Microaneurysms 6 Outer inferior ETDRS grid subfield. Outer nasal and inferior ETDRS grid subfields: F5.

Dilated or tortuous vessels 12 Outer inferior and nasal ETDRS grid subfields. All remaining ETDRS grid subfields (except cmm): F5, 
F4 and F1.

Retinal vessel sheating or narrowing 6 Outer inferior ETDRS grid subfield. All remaining ETDRS grid subfields (except cmm): 
F5 and F4.

Haemorrhages 26 Outer inferior and nasal ETDRS grid subfields. All remaining ETDRS grid subfields (except cmm): F5, 
F3, F4 and F1.

Fluoresceine angiography (FA) (n=48)     

Capillary non- perfusion 19 Central and inner and outer inferior and inner and 
outer nasal ETDRS grid subfields.

All remaining ETDRS grid subfields: F5, F4 and F1.

Retinal vessel staining or leakage 25 All inner and outer inferior and nasal ETDRS grid 
subfields.

All remaining ETDRS grid subfields (except cmm); F5, 
F4 and F1.

Microaneurysms 15 Outer inferior and nasal ETDRS grid subfields Inner inferior and nasal and remaining outer ETDRS 
grid subfields: F5, F3, F4 and F1.

Dilated or tortuous vessels 27 Inner and outer inferior and inner and outer nasal 
ETDRS grid subfields.

All remaining ETDRS grid subfields (except cmm): 
F5 and F1.

Retinal vessel narrowing 27 Inner and outer inferior and inner nasal ETDRS grid 
subfields.

All remaining ETDRS grid subfields (except cmm): F5, 
F3, F4 and F1.

Blockade due to haemorrhages 15 Outer nasal ETDRS grid subfield. All remaining ETDRS grid subfields (except cmm): F5, 
F3 and F4.
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but higher than the INTREPID 2- year data (13.1%).26 Unfortu-
nately, there is no other 2- year and 3- year data regarding MVAs 
after SRT available. Differences might be caused by our later FA/
CF evaluation at least in a few cases (range 18–33 months) than 
in INTREPID 2 years, the higher percentage of patients lost to 
follow- up in INTREPID and differences in imaging modalities 
and evaluation of RR- related changes.

Interestingly, the most frequent locations of MVA in the para-
foveal inferior and nasal regions were exactly the same in this 
real- life analysis and in INTREPID.26 As these are the only both 
angiographic evaluations beyond the first year after SRT, this 
consistency might attract our attention. Furthermore, these find-
ings were supported by significant decreases of layer thicknesses 
of the entire retina and the ganglion cell layer- inner plexiform 
layer- inner nuclear layer in the inner and outer inferior subfields 
of central ETDRS grid. One may speculate of either delivery of a 
higher dose to these areas compared with others or an increased 
sensitivity of these areas. For the used IRay System, 90th isodose 
curves have been described and correspond to a 4 mm spot size 
centred in the macula.29 Hanlon et al30 demonstrated for 32 eye 
models that the therapeutic dose, which is delivered by three 
divergent photon beams entering through the sclera from infe-
rior and overlapping on the macula, only fluctuated <6% in the 
clinical target volume. As the targeting was assisted by immo-
bilising the eye and by use of a tracking system gaze deviations 
were minimised.29 Anyway, the latter are unlikely to cause such 
regularity in questionable higher delivery to certain areas. But 
the entrance of the three beams from inferior might be an aspect 
to evaluate. Hanlon et al30 showed the asymmetric dose distri-
bution produced by the IRay system in three- dimensional CT 
reconstructions of eye models. A larger volume of the inferior 
part of the retina is exposed to higher doses compared with the 
upper part. This is explained by the entrance of all three beams 
from the inferior sclera to avoid a relevant dose to the radio-
sensitive lens. Compared with the steep dose decrease achiev-
able by beta- sources, this may in part explain the more frequent 
MVAs. This larger treatment volume has been the handicap in all 
external beam techniques used so far, either photon or proton 
beams.

Other than the upper and lower regions of the macula without 
any known anatomical difference, the parafoveal nasal region is 
this one with the thickest NFL. As the most MVAs we detected 
were cotton wool spots in CF representing localised swelling in 
the NFL, it could be hypothesised that many of these are found 
in the region with the most nerve fibres.

Like for MVAs at CF and FA, it can be assumed that radiation- 
specific OCT changes might occur during later follow- up. There-
fore, it seems not surprising that the peripapillary NFL thickness 
did not show a significant decrease during the first 12 months 
after SRT in an nAMD case series.31 In our reading centre based 
study, a significant decrease in nerve fibre thickness within the 
outer nasal subfield of central ETDRS grid, representing parts 
of the papillomacular bundle, and a non- significant trend in 
the directly neighbouring inner nasal subfield were found after 
24±4 months. Despite this cannot directly be compared with 
peripapillary thickness measurements using an automated peri-
papillary ring scan modus, it might indicate a nerve fibre loss 
in the papillomacular bundle in combined treated eyes over the 
long term. It has recently been shown that intravitreal injection 
monotherapy did not affect peripapillary retinal NFL at least 
during the first year of treatment,32 while others did not exclude 
an effect over 2.5 years.33 However, together with the finding of 
parafoveal nasal MVAs, the issue of possible nerve fibre loss in 
the papillomacular bundle should be followed further.Ta
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SRT was introduced with the aim to reduce the anti- VEGF 
treatment frequency and therefore the burden to the patient 
and to the healthcare system.34 Patients expected fewer intra-
vitreal injections and reported positive experiences of receiving 
SRT treatment.35 Results of 1- year or 2- year data consistently 
supported that a reduction in injection frequency could signifi-
cantly be reached in pretreated16 17 36 and treatment- naïve 
nAMD37 patients by adding a single session SRT to anti- VEGF 
standard therapy. However, as INTREPID was designed as a 
2- year trial and already published real- life data only cover the 
first year, our analysis is the first evaluating treatment frequency 
in the third year. The mean maximum RFTI in our population 
remained stable at 24 and 36 months compared with the 12 
months’ value, which had almost doubled from baseline. Further 
evaluation revealed that 50% of eyes did not reach anymore 
their individual maximum RFTI (reached at earlier follow- ups) 
at the 36- month follow- up. Therefore, a weakening of the SRT 
effect on nAMD activity in a few patients within the third year 
cannot be excluded.

Finally, the optimal treatment schedule and dose should be 
discussed. Reflecting the long- term experiences from single- 
fraction stereotactic radiation therapy (radiosurgery) in other 
benign conditions (arteriovenous malformation; Schwanoma), 
an increase of the stereotactic dose from 12 to more than 18 Gy 
has increased the risk of late side effects.38 However, doses of 
12 Gy in single fractions have been proven sufficient in different 
types of benign vascular diseases.38 39 So, using biological models 
to estimate the optimal dose as a compromise of long- term effi-
ciency and avoidance of late effects, a fraction size of about 
12 Gy may be optimal and should be tested in nAMD. This dose 
is more efficient than the initially used fractionated schedules for 
nAMD18 (ie, 10 times 2 Gy) but is lower than the 16 Gy being 
set as standard, the latter causing some late effects to the retina.

Strengths of our study are the reading centre based standardised 
image analysis for CF, FA and SD- OCT including SD- OCT layer 
analyses, standardised study protocol imaging plus angiography 
of the retinal periphery, the safety assessment in all included 
patients, the high follow- up rate for efficacy analysis at year 3 
and the continuous anti- VEGF TER treatment. Limitations are its 
retrospective nature, the range regarding the moment of safety 
analysis and the lack of a control group. Due to the retrospective 
setting, the dedicated population (see Methods) and the variety 
of AMD, an adequate matching control group was not possible, 
and therefore, the outcome parameters were compared with the 
pre- SRT period. Nowadays, OCT angiography, which was not 
yet available at our site at the time point of safety analyses, might 
have added further information and would have been the ideal 
non- invasive follow- up method.

In summary, SRT as adjunct therapy to anti- VEGF intravitreal 
injections for nAMD in a real- life setting provided an extension 
of the anti- VEGF treatment interval through year 3 despite a 
significant loss in visual acuity compared with prior SRT. After 
about 2 years, a remarkable part of patients show MVAs that 
might be attributable to SRT and are most frequently located in 
the parafoveal inferior and nasal region. Furthermore, the NFL 
thickness might decrease in the papillomacular bundle. Due to 
these findings, a further close follow- up of all SRT patients is 
recommended, and the use of SRT with the described settings 
must be seen critically.
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