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Abstract

Introduction: The purpose of this study is to describe varia-
tions in microvasculature before and after treatment of
treatment-naive lesions and during consolidation therapy of
retinoblastoma lesions using an investigational portable op-
tical coherence tomography angiography (OCTA) system.
Methods: This study is a single-center, prospective, observa-
tional case series. Recruited subjects were either undergoing
surveillance for retinoblastoma or had newly detected reti-
noblastoma. Nine tumors from 7 eyes in 6 patients were in-
cluded. During exams under anesthesia, the tumors were im-
aged with an investigational portable OCTA system. OCTA
images were analyzed to assess vascular changes before and
after treatment. Results: In all 6 presented cases, OCTA imag-
ing revealed distinctive vascular patterns, such as dilated
feeder arteries and draining veins, disorganized and com-
plex branching patterns, irregular vessel calibers, and dila-
tion and tortuosity of vessels. After treatment, OCTAimaging
revealed decreased intrinsic tumor vascularity and reduced
dilation of draining and feeder vessels. Tumor relapse dem-
onstrated prominent vascularity (n = 1) that resolved on re-
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peat OCTA after transpupillary thermotherapy treatment.
Type 2 (n=1),3 (n=6),and 4 (n = 1) tumor regression pat-
terns were seen in our patients after treatment, and OCTA
findings were consistent with a previously published report.
Interestingly, in one of the presented cases, OCTA demon-
strated clear feeder, draining, and intrinsic tumor vessels
that were not as evident on fluorescein angiography. Con-
clusions: OCTA may offer a noninvasive and sensitive tech-
nique to evaluate the vasculature of both the tumor and the
surrounding retina in retinoblastoma. With additional re-
search and development into its use in patients with retino-
blastoma, OCTA may one day be useful in assessing treat-
ment response and residual tumor activity.

© 2021 S. Karger AG, Basel

Introduction

Retinoblastoma is the most common primary malig-
nant intraocular tumor in childhood [1]. Retinoblastoma
tumors on ophthalmoscopy can present as elevated white
or translucent retinal masses of different sizes, with le-
sions that can show intralesional calcifications and di-
lated feeder and draining blood vessels [1]. Over the last
10 years, there has been a significant evolution in treat-
ment options for retinoblastoma [2]. The various avail-
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Table 1. Summary of treatment history and type of regression pattern of imaged retinoblastoma lesions

Case Eye Tumor  Prior treatment Clinical
no. regression
pattern
1 OD 1 None None
oS 1 Systemic chemotherapy (2 cycles) and TTT (2 sessions) 3
oS 2 Systemic chemotherapy (2 cycles) and TTT (2 sessions) 3
3 oS 1 Systemic chemotherapy (6 cycles), IAC (2 rounds), TTT (5 sessions), and TTT 3
(2 sessions over relapse area)
4 OD 1 Systemic chemotherapy (3 cycles) and TTT (1 session) 2
OD 2 Systemic chemotherapy (3 cycles) and TTT (1 session) 4
(e 1 Systemic chemotherapy (3 cycles) and TTT (1 session) 3
5 oS 1 IAC (3 rounds) and TTT (4 sessions) 3
6 oS 1 IAC (2 rounds) and TTT (3 sessions) 3

Systemic chemotherapy: vincristine, etoposide, and carboplatin. TTT, transpupillary thermotherapy; IAC, intra-arterial chemothera-

py (melphalan).

able treatments now include the use of multiple agent
systemic chemotherapy, intra-arterial chemotherapy
(IAC), intravitreal chemotherapy, brachytherapy, trans-
pupillary thermotherapy (TTT), and cryotherapy, among
others [2]. A combination of these therapeutic tools can
be used depending on the clinical characteristics of the
tumors, treatment preferences of the treating specialist,
and availability of treatment modalities [2]. This wealth
of treatment options has allowed retinoblastoma to be-
come the most curable cancer in children in developed
nations [2].

Ancillary tests such as handheld spectral-domain OCT
and fluorescein angiography (FA) images can be utilized
in the evaluation and monitoring of retinoblastoma pa-
tients. There are several reports in the literature describ-
ing the appearance of active retinoblastoma tumors, pre-
retinal seeds, and the characteristic findings of early small
lesions using these imaging modalities [1, 3, 4]. On FA,
retinoblastoma tumors may demonstrate large and small
retinal vessel abnormalities and intrinsic tumor vessels
[5]; serial FA images can be used to monitor vascular
changes after treatment and, in some cases, identify early
recurrences [6-8]. However, FA is invasive and largely
relies on the IV injection of fluorescein dye.

Optical coherence tomography angiography (OCTA)
is a relatively new imaging technique that allows visual-
ization of retinal and choroidal vascular patterns without
many of the disadvantages that occur with FA [9-15]. Ad-
ditionally, and importantly, OCTA allows for depth-en-
coded visualization of vascular networks through the dif-
ferent depths of the retina. The development of an inves-
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tigational handheld OCTA device has made imaging in
the operating room a possibility over the last few years.
Distinct vascular patterns associated with different types
of retinoblastoma lesion regression patterns have previ-
ously been reported, and here, we further demonstrate
increased vascular density and the presence of dilated
feeder vessels on OCTA of active lesions [15]. To the best
of our knowledge, this is the first report to evaluate vas-
cular changes before and after treatment of retinoblasto-
ma tumors on OCTA and to corroborate the previously
mentioned OCTA findings with different tumor regres-
sion patterns.

Materials and Methods

With approval of the Duke Institutional Review Board, chil-
dren undergoing surveillance for retinoblastoma or with newly de-
tected retinoblastoma were recruited after obtaining written pa-
rental consent. This exploratory study adhered to the tenets of the
Declaration of Helsinki and the Health Insurance Portability and
Accountability Act. Recruited subjects were those with a known or
suspected diagnosis of retinoblastoma who were undergoing a
planned examination under anesthesia (EUA). Both treatment-
naive patients and patients who had undergone treatment were
included. All EUAs and local treatments were performed by the
same physician (M.A.M.). Eyes were graded using the Internation-
al Classification of Retinoblastoma. During the EUA, the tumors
were imaged with an investigational portable OCTA system (Spec-
tralis with Flex and OCTA module; Heidelberg Engineering, Hei-
delberg, Germany), and imaging was performed as previously de-
scribed [11]. Automated and manual segmentation of the retinal
layers was difficult or not possible in tumor areas due to disorga-
nization and obliteration of normal cellular boundaries.
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Table 2. Comparison of retinoblastoma lesions imaged with
OCTA before and after TTT

Case Eye Tumor Intrinsic tumor  Dilation of draining
no. vascularity and feeder vessels
1 oD 1 Decreased Reduced
(ON 1 Decreased Reduced
(6N 2 No change No change
3 (ON 1 Decreased Reduced

OCTA, optical coherence tomography angiography; TTT,
transpupillary thermotherapy.

Results

A summary of treatment history and type of regression
pattern of the imaged retinoblastoma lesions is summa-
rized in Table 1. Changes in vascular characteristics be-
fore and after TTT treatment are summarized in Table 2.

Case 1 was a treatment-naive 2-month-old male who
presented with unilateral retinoblastoma and subse-
quently underwent TTT treatment. OCTA imaging was
acquired before, immediately after, and at 1-month post-
treatment. FA was acquired pretreatment. On ophthal-
moscopy, there was a translucent retinal lesion in the
right eye inferonasal to the optic nerve, consistent with
group A retinoblastoma (Fig. 1a).

Before any treatment was done, the FA of the right eye
demonstrated slight hyperfluorescence over the lesion
(Fig. 1b). The OCT B-scan over the lesion with flow overlay
showed a hyperdense intraretinal smooth lesion with dis-
tinct borders centered in the inner nuclear layer involving
the middle retinal layers (Fig. 1c). OCTA showed a circum-
ferential network of dilated feeder and draining vessels and
a dense vascular network of intrinsic vessels, at various
depths on cross-sectional OCTA images (Fig. 1d).

Fundus photography of the right eye immediately after
TTT revealed a white area corresponding to the treated
lesion (Fig. 1e). OCT B-scan showed increased hyper-re-
flectivity over a larger hyperdense area with less distinct
margins compared to lesion before treatment (Fig. 1f).
OCTA revealed no significant difference in the vascular
pattern of the lesion, with slightly fewer intrinsic vessels
at the center of the tumor (Fig. 1g).

At 1-month post-TTT, atrophy and fibrosis consistent
with scar formation were noted overlying the previously
treated lesion (Fig. 1h). OCT B-scan over the lesion with
flow overlay still demonstrated a more atrophic appear-
ance to the retinoblastoma lesion with a decrease in flow
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(Fig. 1i). OCTA showed a corresponding decrease in in-
trinsic vascularity overlying thelesion (Fig. 1j). The drain-
ing and medium-sized feeder vessels appeared less dilat-
ed, and there appeared to be areas of traction around ad-
jacent vessels (Fig. 1j).

Fundus photograph of the right eye immediately after a
second round of TTT showed a white lesion with overlying
retinal hemorrhages (Fig. 1k). OCT B-scan over the lesion
with flow overlay showed an increase in lesion reflectivity
(Fig. 11). OCTA showed further reduced intrinsic vessels,
and the lesion appeared mildly hyper-reflective, still caus-
ing traction of the surrounding vessels (Fig. 1m).

Case 2 was a 2-year-old male with bilateral retinoblas-
toma, group E retinoblastoma in the right eye and group
C retinoblastoma in the left eye. He was undergoing sys-
temic chemotherapy with 2 completed cycles. The right
eye was treated with enucleation, and the left eye had 2
lesions that were both treated with TTT (Fig. 2a). OCTA
images were acquired before, immediately after, and 1
month after the patient’s third session of TTT treatment
to both lesions.

On ophthalmoscopy, both lesions in the left eye dem-
onstrated a type 3 regression pattern (partially calcified
remnant) before (Fig. 2a) and immediately after (Fig. 2f)
TTT. Before the third TTT session, the OCT B-scan over
lesion 1 with flow overlay showed a cystic superficial area
in the superior layers of the lesion and a hyperdense in-
traretinal lesion in the deeper layers that affected the re-
maining retinal layers (Fig. 2d). The OCT B-scan over le-
sion 2 with flow overlay depicts an elevated hyperdense
area involving all retinal layers (Fig. 2e). OCTA over le-
sion 1 showed a superficial circumferential network of
disorganized dilated medium-sized vessels surrounding
the cystic area, and this area showed a small intrinsic vas-
cular network at a deeper aspect of the lesion (Fig. 2b).
OCTA over lesion 2 showed large dilated vessels creating
a dense intrinsic vascular network of tortuous medium-
sized dilated vessels in the lesion (Fig. 2¢c). OCTA images
of both lesions immediately after the third TTT did not
show significant changes compared to pre-TTT, besides
a slight decrease in intrinsic vascularity at a deeper level
of lesion 1 cystic area (Fig. 2g, h).

Fundus photograph of the left eye 1-month post-TTT
revealed a decrease in size of both lesions (Fig. 2i). OCTA
of lesion 1 showed decreased deeper intrinsic vascularity
and a modest reduction in the dilation of the medium-
sized vessels (Fig. 2j). OCTA of lesion 2 did not show sig-
nificant changes (Fig. 2k).

Case 3 was a 2-year-old male with bilateral retinoblas-
toma, group A retinoblastoma type 4 regression pattern
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Fig. 1. Multimodal image of case 1. a Color fundus photograph of
a treatment-naive retinoblastoma lesion in the right eye. b FA only
revealed mild hyperfluorescence at lesion area. ¢ OCT B-scan
showing a well-circumscribed hyper-reflective lesion involving
retinal mid-layers. d En face 20 x 20° OCTA revealed the feeder
and draining dilated vessels (green arrow and red arrow, respec-
tively) and dense intrinsic vascularity. e Color fundus photograph
of the same eye immediately after the first TTT. f OCT B-scan of
the same lesion immediately after the first TTT shows an enlarge-
ment, not definite margins, and an increase in hyper-reflectivity
compared to pre-TTT. g En face 20 x 20° OCTA immediately after
first TTT does not show major vascular differences apart from an
increase in vessel reflectivity and less perfused areas (green and red
arrows). h Color fundus photograph 1 month after the first TTT

(flat scar) in the right eye and group B retinoblastoma
with a type 3 regression pattern in the left eye. He was
treated with 6 cycles of systemic chemotherapy. Both eyes
were previously treated with TTT, and the left eye had
previously undergone 2 sessions of IAC. The left eye was
noted to have a tumor relapse along the inferior portion
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of the same tumor. i OCT B-scan shows shrinkage of the lesion
with indistinct borders. j En face 20 x 20° OCTA 1 month after the
first TTT treatment revealed a drastic decrease in intrinsic vessel
network density replaced with a dark area (green arrow), with re-
traction of the draining and feeder vessels and traction of sur-
rounding vessels from the treated lesion. k-m correspond to im-
ages immediately after second TTT, showing a similar effect ob-
tained immediately after the first TTT treatment was done. m En
face 20 x 20° OCTA obtained immediately after the second TTT
revealed minimum tumor intrinsic vascular network replaced by
a dark mild hyper-reflective area due to inflammation caused by
treatment. FA, fluorescein angiography; OCTA, optical coherence
tomography angiography; TTT, transpupillary thermotherapy.

of the lesion (Fig. 3a). OCTA imaging was acquired be-
fore the third TTT treatment over tumor relapse area and
immediately post-TTT treatment.

On ophthalmoscopy of the left eye before the third
TTT, there was a lesion located in the posterior pole with
the superior portion showing calcification and fibrosis
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Fig. 2. Multimodal image of case 2. a Color fundus photograph of
retinoblastoma lesion 1 (green star) and lesion 2 (red star), both
with type 3 regression in the left eye. b En face 20 x 20° OCTA of
lesion 1 shows a circumferential network of mid-size dilated ves-
sels around a cystic area, which shows intrinsic vascularity at a
deeper level. ¢ En face 20 x 20° OCTA of lesion 2 shows large di-
lated vessels forming a dense intrinsic vascular network of tortu-
ous medium-sized dilated vessels. d OCT B-scans over lesion 1
shows a non-cystic area of the lesion with a hyper-reflective lesion
involving all retinal layers and another cut over the cystic area,
which also shows a solid vascularized area deeper to the cyst.
e OCT B-scan over lesion 2 shows an elevated hyperdense lesion
involving all retinal layers. f Color fundus photograph immedi-
ately taken after the third TTT. En face 20 x 20° OCTA over lesion
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1 did not show any major changes compared to image before treat-
ment, apart from a slight decrease in the intrinsic vascularity deep-
er to the cystic area (g), and OCTA over lesion 2 did not show any
changes (h). i Color fundus photograph of retinoblastoma lesion 1
and lesion 2 at 1 month after the third TTT shows shrinkage of
both lesions specially noted at their borders. j En face 20 x 20°
OCTA oflesion 1 1 month after TTT shows a decrease in intrinsic
vascularity at a deeper level of the lesion under the cystic area
(green arrow) and a reduction in the dilation of the medium-sized
vessels surrounding the cystic portion (red arrow). k OCTA of le-
sion 2 did not express any changes. OCTA, optical coherence to-
mography angiography; TTT, transpupillary thermotherapy.
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Fig. 3. Multimodal image of case 3. a Color fundus photograph of
a retinoblastoma lesion with type 3 regression and a tumor recur-
rence at the inferior aspect of the lesion in the left eye. OCT B-scans
(b) over the superior portion showing a disorganized retinal atro-
phic area and another cut (c) over the tumor relapse depicting an
elevated hyper-reflective lesion. d En face 20 x 20° OCTA shows a
network of dilated tortuous medium-sized vessels at the borders of
tumor relapse and a dark area at the center revealing absence of
vessels. OCT B-scans over the same areas immediately after the
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third TTT session with the superior portion (e) still having an atro-
phic appearance and over the relapse area (f), an increase in size
and reflectivity compared to pre-TTT (c) due to tissue inflamma-
tion caused by the treatment. g En face 20 x 20° OCTA over the
same area immediately after the third TTT shows the dilated ves-
sels surrounding the relapse are not present and next to that area
a hyper-reflective signal (green star) caused by the treatment in-
flammation. OCTA, optical coherence tomography angiography;
TTT, transpupillary thermotherapy.
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Fig. 4. Multimodal image of case 4. a Color
fundus photograph of retinoblastoma le-
sion 1 with type 2 regression (green star)
and lesion 2 with type 4 regression (red
star) of the right eye 1 month after the first
TTT. b En face 20 x 20° OCTA shows that
lesion 1 with a type 2 regression pattern has
dilated feeder and draining vessels around
a dense network of intrinsic vessels (green
star) compared to the signal void area at the
location of lesion 2 (red star), which has a
type 4 regression pattern. OCT B-scans
over lesion 1 (c¢) and lesion 2 (d) show an
elevated hyper-reflective lesion and an
atrophic area, respectively. e Color fundus
photograph of the same lesions immediate-
ly after the second TTT. f Color fundus
photograph of a retinoblastoma lesion with
atype 3 regression pattern but mostly calci-
fied very close to turning into a type 1 re-
gression pattern in the left eye 1 month af-
ter the first TTT. g OCT B-scan shows an
elevated lesion with an irregular anterior
border and intralesional calcifications gen-
erating shadowing. En face 20 x 20° OCTA
of the left eye shows on the superficial por-
tion of the lesion a dense intrinsic vascular
network formed by fine vessels (h) and
OCTA at the deeper part of the tumor de-
picts various dark areas caused by shadow-
ing from calcifications and a more tortuous
network of vessels (i). j Color fundus pho-
tograph of the left eye lesion immediately
after the second TTT session. OCTA, opti-
cal coherence tomography angiography;
TTT, transpupillary thermotherapy.

and a newly detected elevation on the inferior portion
representing a tumor relapse (Fig. 3a). The OCT B-scan
over the lesion with flow overlay showed an atrophic ret-
ina at the superior aspect of the lesion and an elevated
hyperdense retinal lesion at the tumor relapse (Fig. 3b, c,
respectively) with an increase in lesion thickness seen af-
ter TTT (Fig. 3e, f). Pretreatment OCTA showed a cir-
cumferential network of dilated medium-sized vessels at
the borders of tumor relapse and non-perfusion areas at
the center of the imaged lesion area (Fig. 3d). OCTA im-
ages immediately acquired post-TTT showed a hyper-re-
flective area inferiorly and the absence of many dilated
medium-sized vessels that were located at borders of tu-
mor relapse (Fig. 3g).
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Case 4 was a 4-month-old male with bilateral group B
retinoblastoma. The patient was undergoing systemic
chemotherapy with 3 completed cycles. The lesions in
both eyes were previously treated with TTT. OCTA imag-
ing was acquired 1 month after the first session of TTT to
lesions in both eyes. Of the lesions in the right eye, the
superior (lesion 1) had a type 2 regression pattern (non-
calcified remnant) and another lesion (lesion 2) that was
more inferior had a type 4 regression pattern (flat scar)
(Fig. 4a). OCT B-scan over the lesion with flow overlay
showed an elevated hyperdense retinal lesion involving
all the retinal layers (lesion 1) (Fig. 4c) and a mostly atro-
phic retinal lesion (lesion 2) (Fig. 4d). OCTA showed a
circumferential network of dilated medium-sized feeder
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Fig. 5. Multimodal image of cases 5 and 6.
a Color fundus photograph of a retinoblas-
toma lesion from case 5 with type 3 regres-
sion in the left eye, 1 month after the fourth
TTT session. b OCT B-scan over the tumor
shows an elevated vascularized hyper-re-
flective lesion involving all retinal layers.
c En face 20 x 20° OCTA of the lesion
shows a network of tortuous and dilated
medium- and small-sized vessels. d Color
fundus photograph of a retinoblastoma le-
sion from case 6 with type 3 regression with
a cystic area at the temporal superior bor-
der in the left eye, 1 month after the third
TTT session. e OCT B-scan over the lesion
showing an elevated hyper-reflective lesion
with an irregular anterior border and intra-
lesional calcifications causing shadowing.
f En face 20 x 20° OCTA of the same lesion
shows a disorganized network of tortuous
dilated and large-, medium-, and small-
sized vessels and a dark area at the supero-
temporal border caused by the cystic por-
tion and intralesional calcifications. OCTA,
optical coherence tomography angiogra-
phy; TTT, transpupillary thermotherapy.

and draining vessels and a dense vascular network of
small intrinsic vessels (at various depths on cross-section-
al OCTA images) of lesion 1 and no vascularity over le-
sion 2 (Fig. 4b).

Fundus photograph of the left eye revealed a tumor at
the posterior pole with a type 3 regression pattern but was
mostly calcified (Fig. 4f). OCT B-scan over the lesion with
flow overlay revealed an elevated irregular retinal tumor
with hyperdense areas within the lesion causing shadow-
ing compatible with calcifications (Fig. 4g). OCTA
through the superficial aspect of the lesion showed a
dense intrinsic vascular network with fine vessel caliber
(Fig. 4h), whereas OCTA through a deeper aspect of the
lesion showed a more tortuous network of intrinsic ves-
sels and shadowing from the calcifications (Fig. 4i). An-
other session of TTT was performed for all lesions de-
scribed in both eyes (Fig. 4e, j).

Case 5 was a 3-year-old male with unilateral group B
retinoblastoma with type 3 regression pattern in the left
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eye. The patient had previously received 3 rounds of IAC.
The left eye was treated with TTT, and OCTA imaging
was acquired 1 month after the fourth TTT session. On
ophthalmoscopic exam of the left eye, there was a par-
tially calcified retinal lesion located in the inferonasal
quadrant (Fig. 5a). The OCT B-scan over the lesion with
flow overlay showed a vascularized highly elevated hyper-
dense retinal lesion (Fig. 5b). The OCTA revealed a dis-
organized network of dilated medium- and small-sized
tortuous vessels within the imaged lesion (Fig. 5¢). This
lesion also underwent a fifth session of TTT.

Case 6 was a 15-month-old male with unilateral reti-
noblastoma, group C retinoblastoma with type 3 regres-
sion pattern in the left eye. The patient had previously
received 2 rounds of IAC. The left eye was treated with
TTT, and OCTA imaging was acquired 1 month after the
third TTT session. On ophthalmoscopic exam of the left
eye, there was a posterior pole lesion located temporal to
the optic nerve (Fig. 5d). OCT B-scan with flow overlay
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over the lesion showed a vascularized elevated hyper-
dense retinal lesion with areas of shadowing due to intra-
lesional calcifications (Fig. 5e). OCTA showed an erratic
network of dilated large-, medium-, and small-sized tor-
tuous vessels and a dark border at the temporal side of the
imaged lesion area due to shadowing caused by a cystic
area and calcifications (Fig. 5f). A fourth TTT session was
done to the described lesion.

Discussion and Conclusions

To the best of our knowledge, this case series is the first
descriptive analysis comparing pre- and posttreatment
OCTA images of retinoblastoma lesions. The presented
cases confirmed previously reported vascular patterns re-
lated to each type of regression pattern and how the vas-
cular patterns seen on OCTA relate to disease activity
[15].

The first 2 cases highlight the vascular changes that can
be seen on OCTA 1 month after TTT treatment. Both
cases demonstrated decreased intrinsic tumor vascularity
and reduced dilation of draining and feeder vessels, espe-
cially seen in case 1, in which some areas of the intrinsic
tumor vascularity were completely replaced with dark ar-
eas, representing zones of no vascular flow. These vascu-
lar changes have been reported on FA by other authors
[6-8]. These findings also correlate with OCT B-scans, as
shown in case 1, where the initially elevated hyperdense
intraretinal lesion with distinct borders transforms into a
not well-limited lesion with atrophic appearance at 1
month from the first TTT session, as has previously been
reported [1, 3, 4].

Post-inflammatory changes are noted on ophthalmos-
copy immediately after TTT treatment in the first 3 cases.
On OCT B-scans over the active tumors, these tumors
appear as smooth hyperdense intraretinal lesions with
distinct borders that increase in size and reflectivity with
less distinct margins after TTT. These alterations on OCT
B-scans likely represent an inflammatory response from
the TTT treatment. On OCTA images, the vascularity ap-
pears to decrease slightly after TTT. It is possible that this
may represent an artifact from the resultant inflamma-
tion versus a true decrease in vascularity.

Retinoblastoma relapse was seen in case 3. Tumor re-
lapses have previously been described on FA as having
prominent vessels stemming from a scar adjacent to the
tumor relapse [6]. OCTA obtained prior to TTT demon-
strated prominent vascularity that was no longer evident
on repeat OCTA imaging immediately following TTT
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treatment. This may represent a decrease in vascularity or
blockage caused by treatment-induced inflammation.

In all 6 presented cases, OCTA demonstrated vascular
patterns that were consistent with previously published
reports on retinoblastoma lesions imaged with FA [5-8].
These patterns include dilated feeder arteries and drain-
ing veins, disorganized and complex branching patterns,
irregular vessel calibers, dilation, and tortuosity [5-8].
Additionally, the presented cases demonstrated vascular
patterns associated with the different types of retinoblas-
toma tumor regression, as previously reported by Thom-
as et al. [15], and our findings adhere to their hypothesis
that lesions with more intense vascular density and di-
lated feeder/draining vessels on OCTA images are persis-
tently active, compared to inactive lesions. These findings
on OCTA include a retinoblastoma lesion with type 1 re-
gression with the superficial aspect of the lesion showing
a dense intrinsic vascular network with fine vessel caliber
and a more tortuous network of intrinsic vessels at a
deeper aspect of the lesion with shadowing from calcifica-
tions. Retinoblastoma lesions with type 2 regression pat-
terns showed prominent feeder vessels and dense intrin-
sic vascularity. The most frequent regression pattern seen
in lesions of our case series was the type 3 regression,
which showed a combination of what was found on
OCTA images of both type 1 and type 2 regression pat-
terns. Finally, tumors having a type 4 regression pattern
show a dark area on OCTA, proving no active flow.

It is also important to mention that, as reflected in our
first case, OCTA revealed feeder, draining, and intrinsic
vessels that were not detected on FA. This was a surprising
finding since most vascular changes are detected on FA but
may represent how OCTA may be more sensitive at detect-
ing very immature vessels associated with new lesions.
More investigation is needed to confirm this finding, but as
OCTA technology advances and is made more available,
more reports may surface to correlate this finding.

These cases demonstrate that OCTA images could be
useful to evaluate residual intrinsic vascularity and feeder
vessel dilation in response to treatment and to monitor
for tumor relapses. As previously reported, higher tumor
vessel densities may be associated with greater risk for lo-
cal invasive growth [16] and residual intrinsic vascularity
may represent active disease [7]. FA can be utilized to
evaluate these vascular changes, but our cases illustrate
that OCTA may offer a noninvasive and sensitive tech-
nique to evaluate intrinsic tumor and surrounding retinal
vasculature.

Limitations of this study include a small number of im-
aged patients and technical difficulties in obtaining reli-
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able images. Frequent corneal surface lubrication helped
improve image quality. OCTA images could not be ac-
quired for all the patients at 1 month due to an institu-
tional requirement to halt all nonessential clinical activity
during the COVID-19 pandemic. A second limitation is
related to the segmentation of the standard layers. The
standard retinal layers with their corresponding vascular
complexes could not be obtained due to lesions altering
the retinal normal architecture. Manual segmentation
was performed for OCTA image analysis, with thick le-
sions requiring more manual correction. Image artifacts
such as shadowing from calcifications obscured the view
of some of the deeper vessels. Additional limitations re-
lated to OCTA imaging include a limited field of view, not
being able to image peripheral lesions, and the difficulty
of capturing the complete area of large lesions in the same
image.

OCTA imaging of retinoblastoma lesions before and
after different treatment modalities could be useful in as-
sessing treatment response and residual tumor activity.
Standard protocols for retinoblastoma OCTA images and
interpretation are needed to be done based on a larger
sample of patients with early and late follow-up.
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