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Abstract
Purpose To report the incidence and features of retinal
microvascular abnormalities (MVAs) occurring secondary
to stereotactic radiotherapy (SRT) in a randomised
double-masked sham-controlled clinical trial at 21
European sites.
Methods Two hundred and thirty participants with
neovascular age-related macular degeneration (AMD)
treated with at least three intravitreal antivascular
endothelial growth factor (anti-VEGF) injections prior
to enrolment, and demonstrating a continuing need
for re-treatment. Interventions: 16 Gy, 24 Gy or sham
SRT. All three groups received pro re nata anti-VEGF
injections if the lesion was judged to be active at review
visits. Colour fundus images from baseline and 6 months
and fluorescein angiograms from baseline and annual
visits were graded for measures of morphological
outcome and safety using a prespecified protocol with
accompanying definitions to distinguish RT-related MVA
from non-specific retinal vessel abnormalities that are
known to occur in neovascular AMD. The main outcome
measure was MVA detected by months 12, 24 and 36
after enrolment.
Results The frequency of MVAs in the combined SRT
arms was 0% in year 1, 13.1% in year 2 and 30.3% in
year 3. The area of MVA was small and the mean change
in visual acuity in year 2 was similar in a subset of SRT
eyes with MVAs, versus those without MVAs. MVA was
considered to have possibly contributed to vision loss in
2 of 18 cases with MVA in year 2, and 5 of 37 cases in
year 3.
Conclusion Treatment with SRT is associated with
development of subtle MVAs that have little or no impact
on visual outcome. These findings can help clinicians
recognise the retinal MVAs that occur in response to SRT.

Introduction
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A recent randomised controlled trial that enrolled
patients who were chronically dependent on
antivascular endothelial growth factor (VEGF)
therapy to control their neovascular age-related
macular degeneration (AMD) revealed that adjunctive low-voltage, external beam X-ray irradiation
reduced the frequency of anti-VEGF re-treatment.1
Participants in the IRay Plus Anti-VEGF Treatment For Patients With Wet AMD (INTREPID)
Study who received 16 Gy or 24 Gy stereotactic
radiotherapy (SRT) had a 25% reduction in the

number of intravitreal injections compared with
the sham arm over a 2-year period.2 Other clinical
trials combining epimacular brachytherapy (that
required vitrectomy with delivery of β radiation
to the macula) from a strontium source with antiVEGF treatments found neither visual benefit nor
a reduced need for re-treatments when compared
with anti-VEGF monotherapy.3
Ionising radiation has the potential to harm
retinal vessels, with the damage becoming manifest many years after exposure, a condition termed
radiation retinopathy (RR).4 5 Because the IRay
device delivers precisely targeted radiotherapy and
the area of retinal exposure is extremely small,
we did not expect florid RR to develop. However
subtle microvascular damage is difficult to differentiate from vascular abnormalities that occur in
the context of neovascular AMD,6 therefore we
designed a robust grading system to monitor signs
of incident microvascular abnormalities (MVAs),
and the present report details the clinical features
and incidence of MVAs that occur in association
with SRT.

Participants and methods

Details of the INTREPID Study have been reported.1
Briefly, 230 participants with neovascular AMD
were recruited into a randomised, double-masked,
sham-controlled clinical trial, across 21 European
sites (Clinical Trial Registration at www.
clinicalgov, identifier: NCT01016873; accessed
trials.
21 December 2014). Eligibility criteria were
a confirmed diagnosis of neovascular AMD in
the study eye with at least three intravitreal antiVEGF injections in the year preceding enrolment,
and confirmation by the investigator of the need
for ongoing anti-VEGF treatments evidenced by
increased fluid or persistent cysts on optical coherence tomography (OCT), or leakage on fluorescein angiography (FA). The full list of inclusion
and exclusion criteria has already been reported.1
Participants were randomised to 16 Gy or 24 Gy
of SRT with as needed anti-VEGF therapy (SRT
group) or sham SRT with as needed anti-VEGF
therapy (anti-VEGF monotherapy group). All
participants provided written informed consent,
and the trial complied with the tenets of the Declaration of Helsinki.
Based on the existing knowledge of the radiobiology of retinal irradiation,7–9 the total dose
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Imaging modality Feature

Table 2 Type, frequency and earliest appearance of microvascular
abnormalities (MVAs) identified after radiotherapy in years 1 and 2

Description

Cumulative
frequency
M 18 and M 24
(N=18 eyes)

Earliest
appearance
(months)

6

12

10

18

Microaneurysms

7

24

Luminal irregularities

13

24

Telangiectatic vessels

8

24

Perivascular capillary
dropout

15

24

Vascular sheathing

10

24

Vascular staining

15

24

Mean area of MVA
involvement

3.2±3.0 (SD) mm2

Intraretinal oedema in
the area of MVA

1*

Colour photograph Nerve fibre layer infarcts Cotton wool spots
Retinal haemorrhage

Fluorescein
angiogram

Microaneurysms
Luminal irregularities

Focal circular outpouchings from
retinal microvessels
Segmental narrowing of retinal
vessels

Retinal vascular
telangiectasia

Fusiform dilations of retinal
microvessels

Capillary non-perfusion

Areas of decreased fluorescence in a
perivascular distribution

Vascular sheathing

Optical coherence
tomography

Flecks of haemorrhage assuming
a feathery or circular disposition
indicating nerve fibre layer location
or in the inner retina.

Glistening or white perivascular
appearance indicating presence of
gliosis/fibrosis

Leakage from retinal
vessels

Diffuse staining and
hyperfluorescence along the length
of retinal vessels

Intraretinal oedema

Hyporeflective areas within the
neurosensory retina in an area not
occupied by the neovascular lesion

delivered during SRT (24 Gy or less), and the small focal dose
distribution, it was anticipated that radiation-induced MVAs
would be mild and possibly transient. Therefore, the monitoring
regime of participants in the INTREPID trial was specifically
tailored to identify subtle changes.
These included a clinical biomicroscopic examination of the
eye at every visit with rigorous recording of fundus features,
imaging to standardised protocols for colour fundus photography, OCT 6 monthly and FA annually. Because RR can occur
after many years, a week 156 safety assessment was performed,
to document the retinal status using all three imaging modalities.
Reading centre graders were trained to detect and record
MVA, and to distinguish these from AMD-related vascular
changes. Graders scrutinised the en face imaging modalities
namely colour and FA for features of MVA and also simultaneously reviewed the radial B scans which were captured centred
on the geometrical centre of the fovea. The 3×3 OCT radial star
pattern scans covered an area of the retina that was smaller than
the 350 photographic field on colour and FA images.
Table 1 defines the microangiography changes detected by
each imaging modality. Microaneurysms, vascular sheathing,
luminal irregularities, telangiectatic vessels and perivascular
capillary dropout were graded on the early frames (15 s to 30 s)
of the FA. Graders recorded these features regardless of whether
they were present within the boundaries of the neovascular
AMD lesion or beyond it and localised them to the quadrants of
the retina. If any of the features described in table 1 were noted
(primary detection), the study sponsor was notified. A second
level arbitration of whether the MVAs were consistent with the
natural history of neovascular AMD or related to SRT exposure was performed by the reading centre clinician. Change in
severity of MVA was based on increasing or decreasing area of
involvement and the appearance or disappearance of features of
MVA. The images of all cases that were identified by graders
regardless of the outcome of arbitration by the clinician arbitrator were examined by two retina experts (JS and UC) who
independently assigned relatedness to SRT or not. In the event of
470

Image modality

Feature

Nerve fibre infarct
Colour photograph Retinal haemorrhage
Fluorescein
angiogram

Optical coherence
tomography

24

The area of retina involved by MVA was measured on an early fluorescein
angiographic frame.
*The OCT scan lines covered the area of MVA in only one eye.

disagreement between the experts a third expert (SM) performed
further adjudication.
The incidence of MVA was examined using Kaplan-Meier
methods. The exact date of the event was not known, so this
was considered to be the visit date. Patients were censored on
their last visit date if they had not had an event prior to exiting
the study.

Results

Apart from two occasions where features suggestive of radiation-induced microangiopathy were noted, clinical examination
did not result in the identification of MVAs. MVAs reported
by the reading centre are shown in table 2, along with their
cumulative frequency of detection by imaging modality and
time of appearance. The imaging modality which best showed
the region of retina involved by MVA was FA which revealed
the telangiectatic and dilated microvessels most clearly and area
measurements were based on this modality (table 2). MVA that
were observed on FA included isolated microaneurysms, luminal
irregularities, focal areas of capillary closure that were typically
located adjacent to the second order retinal arterioles, distended
(bullous) arteriolar and venular tips, telangiectatic segments and
late staining of the vessel walls. Vascular luminal irregularities
and perivascular capillary dropout were the most commonly
encountered angiographic features. When MVAs were present,
they usually occurred in the region between the centre of the
macula and the optic disk and more often in the inferior macula.
OCT using the star pattern scan which was popular at the time
when the INTREPID Study was conducted was not useful in
understanding the features of MVA. This was because the star
pattern B scans rarely, if ever, transacted the region of the retina
involved by the MVA in most cases. Of the 18 eyes with MVA,
foveal involvement (defined as the presence of MVA within the
central zone of the ETDRS grid) occurred in 8. MVAs were multifocal in six eyes (ie, distinct and separate regions of the retina
exhibited MVA). In three of these there was foveal involvement.
Table 3 shows the frequency of occurrence of MVAs as determined by the reading centre by arm of study, the assignment
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Table 1 Imaging modality and features of microvascular
abnormalities detected by each
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BASELINE

Monotherapy
(N=80)

16 Gy
(N=75)

MVA called by reading centre

0

1

MVA confirmed by independent experts

0

0

YEAR 1

Monotherapy
(N=79)

MVA called by reading centre

1

2

4

MVA confirmed by independent experts

0

0

0

Vision loss associated with RT

0

0

YEAR 2

Monotherapy
(N=73)

16 Gy
(N=69)

24 Gy
(N=68)

MVA called by reading centre

6

11

13

MVA confirmed by independent experts

0

9

9

Vision loss associated with RT

0

0

YEAR 3

Monotherapy
(N=67)

16 Gy
(N=58)

24 Gy
(N=64)

MVA called by reading centre

1

22

19

MVA confirmed by independent experts

0

19

18

Eyes with MVA regression

0

3

6

Vision loss associated with SRT

0

4

1

16 Gy
(N=74)

24 Gy
(N=75)
1
0
24 Gy
(N=72)

0

2

Table 3 the accrual of microvascular abnormalities (MVA) by year. The frequency of
MVA from the reading centre grading and that after expert consensus adjudication
are shown. The number of eyes with VA loss possibly attributable to MVA in the
opinion of the experts is also shown.
MVA, microvascular abnormality; Gy gray; SRT, stereotactic radiotherapy.

of MVA by relatedness to SRT by the experts, and whether VA
loss was, at least in part, attributable to the presence of MVA.
MVA was <2% in the anti-VEGF monotherapy arm and 36%
in the two SRT arms. There was a suggestion of a dose effect
with more cases of MVA reported in the 24 Gy arm compared
with the 16 Gy. After expert verification, the frequency of MVA
in the combined SRT-exposed arms was 0% in year 1, 13.1% in
year 2 and 30.3% in year 3. The Kaplan-Meier graphs (figures 1
and 2) show the frequency of development of MVA in the three
study arms over time. In figure 1 all reading centre grader callouts of MVA are included and in figure 2 only those identified
after expert consensus of SRT relatedness. Expert classification
of MVA related to SRT showed no false-positive identifications
in the anti-VEGF monotherapy arm.
In year 1 there was no case of vision loss attributed to SRT-related MVA. In year 2 the location of SRT-induced MVA was such
that it may have contributed to vision loss in 2 of 18 cases, with
the proportion remaining similar (5 of 37 cases) in year 3. To
examine the effect of the presence of MVA on change in visual
acuity from baseline to 24 months, we computed this change
in the control group (anti-VEGF monotherapy only), the entire
group exposed to SRT (16 Gy and 24 Gy combined), and for two
subsets of those exposed to SRT, namely those with or without
MVA. Mean visual acuity was similar across all four comparisons suggesting that SRT-induced MVA did not modify visual
outcome.2 Likewise at 36 months mean visual acuity remained
similar across the four groups, although formal statistics were
not performed (figure 3).

Figure 1 The Kaplan-Meier graph shows the rate of development of microvascular abnormalities (MVAs) by arm of study as reported by the
reading centre. The numbers at risk reduce as the data become censored.
Freiberg FJ, et al. Br J Ophthalmol 2019;103:469–474. doi:10.1136/bjophthalmol-2018-311865
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Table 3 Microvascular abnormalities (MVAs) by arm of study and
expert adjudication of relatedness of visual acuity loss
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In 9 of the 18 eyes exhibiting MVA at 24 months, the vessels
normalised and leakage decreased. In four cases complete resolution of the MVAs was noted. The mean area of retina occupied
by MVA in all eyes with MVA at month 24 was 3.5 mm2 ±0.9
(SD). This reduced to 2.35 mm2 ±1.4 by month 36.
Figure 4 shows an eye exposed to 24 Gy of SRT, demonstrating capillary non-perfusion and telangiectasia, with the area
of involvement reducing over time.

Discussion

The INTREPID Study was a 2-year randomised, sham-controlled clinical trial of combination SRT with anti-VEGF therapy
versus anti-VEGF monotherapy that showed a reduction in the
need for re-treatment with anti-VEGF in the adjunctive therapy
arm.1 The present report describes the development of retinal
MVA in eyes exposed to 16 Gy or 24 Gy ionising radiation.
Focal areas of MVA attributable to SRT were observed in
approximately a quarter to a third of eyes by year 3. The average
visual outcomes were similar comparing SRT-treated eyes with
or without MVAs to each other, or control eyes. The lack of
visual damage in most participants is probably because the area
of retinal involvement by MVA was small (average of approximately 1.5–2 disc areas), and most occurred outside the fovea.
However, in a small number of participants (two cases in year 2
and five cases in year 3) central macular involvement was judged
to be present and contributing to vision loss.
472

MVAs were rare in the first year after SRT. At the month 18
visit cotton wool spots and or focal areas of intraretinal haemorrhage were observed in colour images but as FA was not part of
the protocol for this visit it was not possible to document angiographic features. At the month 24 FA, microvascular luminal
irregularities were the most commonly observed feature along
with perivascular capillary drop out. The MVAs had a predilection for the area inferotemporal to the optic disk. Examination
of the SRT treatment plan, isodose distribution curves, ocular
anatomy and treatment protocol did not reveal any reasons for
this finding. FA was the optimum modality for the detection of
MVA as the high-resolution dynamic nature of this technology
allowed identification of abnormal morphology in the microvasculature of the retina suggesting that follow-up should include
FA as a monitoring strategy. However, with the advent of OCT
A, a newer technology which yields high resolution non-invasively and rapidly acquired images of the central retinal field,
this might be the imaging modality of choice in the follow-up
of patients whose retinas have been exposed to ionising radiation..10 11
Recently it was reported by Jackson et al that MVAs occur
in about 14% of eyes as part of the natural history of neovascular AMD, and that it may be difficult to distinguish these
from radiation-induced MVAs.6 The same investigators also
stated that CWS and capillary non-perfusion were generally not
observed in neovascular AMD eyes and that these signs may be
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Figure 2 The Kaplan-Meier graph shows the rate of development of microvascular abnormalities (MVAs) by arm of study after expert adjudication.
The numbers at risk reduce as the data become censored.

Clinical science

more suggestive of radiation exposure, or other diseases.6 The
present study however showed that SRT-related MVAs can be
distinguished with a high degree of reliability from neovascular
AMD-associated retinal vessel abnormalities by employing a

Figure 4 The set of angiographic frames shows the evolution of microvascular abnormalities from a single participant in the INTREPID trial exposed
to 24 Gy of radiation. The frames are from the month 12, month 24 and month 36 visits in sequence from left to right. The foveal microcirculation
from the angiographic frame at the 12-month visit shows a retinal angiomatous proliferation in the superior part of the macula (arrow) and which
remains visible in the 24-month and 36-month visits. In the month 24 image there are several areas of retinal capillary non-perfusion, microaneurysms
and segmental irregularities of the vessel lumina (telangiectasia) occupying approximately two disc areas. At month 36 the telangiectatic segments
had reduced and the areas of capillary non-perfusion had decreased in both size and number.
Freiberg FJ, et al. Br J Ophthalmol 2019;103:469–474. doi:10.1136/bjophthalmol-2018-311865
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Figure 3 Box plot showing change in mean visual acuity at month
36. From left to right the first two groups are the entire RT-treated
cohort (16 Gy and 24 Gy) and the sham RT-treated (control). The
subsequent two box plots are the RT-treated cohort split by MVA
present (n = 37) and MVA absent (n = 83). The mean VA is similar
across the four groups.

systematic approach, as the SRT-induced disease was characteristically segmental, with distinct angiographic appearances, and
localised to areas of the fundus remote to the neovascular AMD
lesion.
An important reason for the disparity between the present
study and that of Jackson et al6 is that the latter was a retrospective analysis of images collected as part of another clinical
trial reporting all non-specific retinal vascular changes that are
present in eyes with neovascular AMD. The present study, on
the other hand, had defined the specific features of radiation-induced damage and constructed the grading protocol with this
aim in mind prior to the onset of the INTREPID trial. Also, the
absence of such features in the sham SRT-exposed eyes in the
present study was in distinct contrast to SRT-exposed eyes and
detection of MVA was negligible in the former throughout the
duration of the study.
In the eye there is a relatively radioresistant neuropile and
a radiosensitive mesenchyme.12 This differential in radiosensitivity between the vascular endothelium and the neuropile had
prompted researchers to undertake a clinical trial using fractionated external beam radiation as a treatment of neovascular
AMD.13 However, the standard of care for neovascular AMD
moved from laser-based therapies to biologicals, and antiVEGF agents were shown to result in improved outcomes when
injected into the eye.14 15 These treatments come at huge cost,
require invasive and repeated administration usually on a 4–8
weekly cycle, and despite treatment the long-term visual gain is
hampered by fibrosis limiting visual recovery.16 17 Thus there was
resurgence in interest in radiotherapy as an adjunctive. Balanced
against this potential for benefit is the knowledge that adding
radiotherapy could itself result in the microangiopathy of the
retina, induced by exposure to ionising rays.
The severity and onset of RR varies markedly depending on
total dose, fractionation and the type of radiation (teletherapy
or brachytherapy).18 In addition, the tissue volume irradiated,
the concurrent administration of chemotherapeutic agents and
pre-existing disease such as hypertension and diabetes also influence the development of RR.18 In INTREPID a single dose of
16 Gy or 24 Gy was chosen as the target was non-neoplastic;
mesenchymal structures such as vascular malformations respond
better to smaller doses of larger fraction sizes when compared
with tumour eradication strategies.19 Furthermore, the literature
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on patients where the entire eye was exposed to radiotherapy
found that when the total dose is below 16 Gy, fraction sizes of
less than 2.0 Gy do not develop significant RR.20 21 This study
corroborates this outcome, and shows that a single dose of low
energy, external beam X-ray radiation up to 24 Gy with a narrow
4 mm diameter isodose centred on the fovea does not result in
clinically significant RR.
Strengths of the present study include its prospective design,
prespecified safety grading outcomes and the robust reporting
of MVA with multilevel checks to assign relatedness to SRT. An
important weakness is the absence of data beyond 3 years and
the loss to follow-up in year 3. Also it is possible that severe
scarring in the central macula could have obscured some of
the more subtle cases of MVA. Therefore the true incidence of
MVA attributable to RT, both during the trial and beyond year
3, remains unknown.
In summary, the present study shows the development of
mild SRT-induced MVA and that these are distinguishable
from non-specific retinal vessel abnormalities that may be
encountered in eyes with chronic neovascular AMD. For most
patients, SRT-induced MVAs did not impact on visual function
and spontaneous improvement in microvascular morphology
was also observed in some cases. Based on the appearance, area
of involvement, localisation of the clinical and angiographic
features, and the reversal of some of these features over time, the
term RT-induced MVA is preferable to permit distinction from
typical radiation retinopathy that is observed following exposure
of large volumes of ocular tissue to high doses of ionising rays
such as that used in oncological practice.

