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ABSTRACT.

Purpose: To evaluate the long-term follow-up of patients with a circumscribed

choroidal hemangioma (CCH) treated with limited single spot photodynamic

therapy (PDT) at the Amsterdam University Medical Center, location AMC

(AUMC).

Methods: This cross-sectional study included 17 patients, treated between 2001

and 2012. Evaluation included best corrected visual acuity, slitlamp examination,

fundoscopy, ophthalmic ultrasonography (USG), fluorescein/indocyanine green

angiography (FA/ICG), fundus autofluorescence (FAF) and optical coherence

tomography (OCT). Primary outcome: recurrence rate, secondary outcomes:

long-term functional and structural changes.

Results: An unexpected high recurrence rate of 35% (n6) was found with a mean

follow-up time between treatment and recurrence of almost 6 years, range 2.8–
10.7 years. With a recurrence, the classical CCH pattern was no longer

recognizable on FA or ICG. Signs of leakage were best observed with OCT, and

the recurrence could be confirmed with USG. Retreatment with PDT of all

recurrences was successful. After a successful initial PDT, the achieved visual

acuity (VA) showed a small decrease over time, median VA from 0.10 LogMar

to 0.15 LogMar (p 0.09) after a mean follow-up of 11.36 years (range 5.1–
15.5 years). During follow-up study visit, the OCT revealed a slightly increased

thickness of the choroid in 86% of cases at the site of the original tumour,

without a clear correlation to the recurrences.

Conclusion: Limited single spot PDT is a safe and effective treatment for CCH

preserving a good VA. However, because of the relatively high recurrence rate

found in this study, we recommend regular follow-up with OCT every 6 months.
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Introduction

Circumscribed choroidal hemangioma
(CCH) is a relatively rare vascular
hamartoma that typically presents in
the posterior pole. Although it is a
benign tumour, visual acuity can drop
as a consequence of a hyperopic shift
caused by increasing tumour size within
the macula or by leakage, leading to
serous retinal detachment and less often
intraretinal macular oedema. In the
past, when visual acuity dropped, sev-
eral therapies could be considered such
as argon laser treatment, radiation
(external beam, photon irradiation,
brachytherapy) and hyperthermia (mi-
crowave thermo therapy, transpupil-
lary thermotherapy) (Bottoni et al.
1990; Finger et al. 1991; Lanzetta
et al. 1995; Schilling et al. 1997; Kamal
et al. 2000; Fuchs et al. 2002; Scott et al.
2004; Shields et al. 2004; Berry & Lucas
2017; Papastefanou et al. 2018). All
these treatment modalities had a less
favourable outcome with regard to
maintenance of visual acuity when the
lesion involved the fovea because of
direct or indirect foveal damage.

In 2000, promising results of photo-
dynamic therapy (PDT) with vertepor-
fin were reported to treat choroidal
hemangioma (Barbazetto & Schmidt-
Erfurth 2000). Photodynamic therapy
(PDT) works through selective photo-
chemical injury to the vascular
endothelial cells, while preserving the
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neuroretinal structures and seemed
more suitable for subfoveal lesions.
Photodynamic therapy (PDT) for
CCH was performed according to sev-
eral protocols, differing in dosage of
drug, the timing of infusion, timing of
laser application, energy level, spot size,
single or overlapping spots and single
or repeating treatment (Landau et al.
2002; Schmidt-Erfurth et al. 2002; Por-
rini et al. 2003; Boixadera et al. 2009;
Zhang et al. 2010; Pilotto et al. 2011; Su
et al. 2014; Liu et al. 2018; Papaste-
fanou et al. 2018; Susskind et al. 2018;
Lee et al. 2019). All with high success
rates and rarely unwanted side-effects
(Jurklies et al. 2003; Vicuna-Kojchen
et al. 2006; Tuncer et al. 2009; Xiao
et al. 2013). At the Academic Medical
Center, a protocol was developed lim-
iting PDT treatment to a single spot,
aimed at the most elevated part of the
CCH, with standard verteporfin dosage
(6 mg/m2 BSA), starting the laser, with
standard energy, 5 min following a
1 min infusion of the drug. This limited
single spot PDT proved to be an effec-
tive treatment resulting in resolution of
subretinal fluid and tumour regression
with even completely flattening of the
tumour (Verbraak et al. 2003). The
same treatment was also applied in
patients with a relatively good visual
acuity and subtle complains in order to
prevent permanent loss of visual acuity
(Verbraak et al. 2006). In some
patients, a second treatment was neces-
sary, because the tumour did not
regress below 1 mm, considered to be
the limit of a successful treatment. At
follow-up of one year, all patients
showed no recurrence or other changes.
They were considered to be stable
without need for further close follow-
up, and therefore, after the first year,
the patients were dismissed and follow-
up was continued by their own oph-
thalmologist.

Recently, however, a patient showed
up in the Amsterdam University Med-
ical Center (AUMC) clinic with a
definite recurrence, unnoticed by the
patient himself, despite a visual acuity
drop from 20/16 to 20/400, 3 years
following a successful PDT treatment.

Long-term follow-up studies follow-
ing PDT treatment in CCH patients are
scarce, and the purpose of the present
study is to evaluate the long-term
follow-up of patients with a CCH
treated with limited single spot PDT
at the AUMC.

Patients and Methods

Between 2001 and 2016, 35 patients with
CCH were treated according to the
single spot limited PDT protocol in the
AUMC. Two patients were excluded
because they received radiation or
hyperthermia treatment before the
PDT treatment. The remaining 33
patients were all invited by letter and
phone to participate in the study. This
study followed the tenets of the decla-
ration of Helsinki and was approved by
the Medical Ethics Committee of Aca-
demic Medical Center, Amsterdam.
Fourteen patients were willing to par-
ticipate and were informed about the
nature of the study and gave their
written informed consent before enter-
ing the study. Three additional patients
refused to come to the AUMC, but had
regular follow-up by their own ophthal-
mologist and agreed to share their
follow-up data. These patients were
included into the study with the follow-
ing data: recurrence yes/no, best cor-
rected visual acuity, slit-lamp
examination, slitlamp biomicroscopy
and if present optical coherence tomog-
raphy (OCT).

Of the 16 non-participants, six
patients were deceased before the start
of the study (none of them had a
recorded recurrence in there file, but
had a relatively short follow-up time).
Five patients refused to participate, two
because of general health problems and
three were not interested (two of them
had a recorded recurrence). The last five
patients could not be re-traced (one of
them had a recorded recurrence).

The baseline characteristics of all 33
patients with PDT treated CCH, par-
ticipating and non-participating in the
present study, are listed in Table 1.

The primary diagnosis of a CCH
was based on the classical findings on
ophthalmoscopy, colour fundus pho-
tography, fluorescein angiography
(FA), indocyanine green angiography
(ICG) and ophthalmic ultrasonogra-
phy (USG). Since 2004, the OCT was
also part of the standard examinations
(see Fig. 1).

All patients between 2001 and 2016
were treated with the limited single spot
photodynamic treatment, conducted
using a Coherent Opal Photoactivator
diode laser, with a laser application time
of 83 seconds, and an exposure of 50 J/
cm2. Verteporfin (Visudyne, Novartis
AG, Basel, Switzerland) dosage was

6 mg/m2 body surface area and admin-
istered intravenously as a 1 min bolus
injection. Laser induced photosensitiza-
tion started 6 min after the start of the
infusion. A single laser spot was used
with a diameter that covered the most
prominent part of the hemangioma, no
overlapping laser spots were used, and
the optic disc was avoided. The largest
possible laser spot was 7500 lm with
use of the Volk Super Quad contact lens
(enlargement 9 1.92), a standard PDT
contact lens. Retreatment after 6 weeks
was given in case the residual tumour
thickness was more than 1 mm, as
measured byUSG, or there was residual
intra or subretinal fluid seen on OCT.

All participants received a complete
ophthalmic examination including best
corrected visual acuity, slit-lamp exam-
ination, slit-lamp biomicroscopy, oph-
thalmic USG, FA combined with ICG,
fundus autofluorescence (FAF) and
OCT (HRA + OCT, Heidelberg Engi-
neering, Heidelberg, Germany). In case
of signs of a recurrence during the
study examination, the patient was
informed and treatment with PDT
was offered, as described above. The
definition of a recurrence in the present
study: recurrence or increase of tumour
mass seen with slit-lamp biomicroscopy
confirmed on USG (Aviso, Quantel
Medical, Clermont-Ferrand, France),
or signs of leakage of the lesion on
OCT confirmed by FA and/or ICG
angiography.

The primary outcome of the study
was the recurrence rate of a CCH after
a first successful treatment with limited
single spot PDT. Long-term functional
and structural changes following PDT
treatment were identified as secondary
outcomes. An attempt was made to
identify factors which were predictive
of a recurrence.

Statistical analysis is performed with
paired samples t-test. Survival outcome
was calculated according to the
Kaplan–Meier method. All statistical
analyses were performed using IBM SPSS

Statistics, version 25 (IBM Corp.,
Armonk, New York, USA).

Results

Recurrence rate

In total, 17 patients were included in
this study, of whom 14 followed the
complete study protocol and three were
included after receiving the results of
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the ophthalmic examinations by their
own ophthalmologist. An unexpected
high number of recurrences were found
during this study, in total six out of 17
participants. Mean age at first PDT
treatment in the patients with a recur-
rence was 46 years (median 48, range
27–60) versus 53 years old in those
without a recurrence (median 50, range
39–76).

Figure 2 shows the Kaplan–Meier
curve of recurrence-free probability
over the years for all participating
patients, and for those with and with-
out a residual tumour mass after the
first successful PDT treatment on
USG. The mean follow-up time
between treatment and recurrence (if
multiple, first recurrence) was almost
6 years, range 2.8–10.7 years. The
patients with a recurrence are listed in
Fig. 3, showing the timeline between
PDT treatment of the CCH and its
recurrence combined with the visual
acuity before and after PDT (re-)
treatment. Two patients had multiple
recurrences. In three patients, a recur-
rence was diagnosed during the study.
Only one of the three had a drop in
visual acuity as a consequence of sub-
stantial intra- and subretinal fluid.

Retreatments of a recurrence, using
the same single spot limited PDT
protocol, were all successful. All
tumours regressed and intra- and sub-
retinal fluid disappeared (Fig. 4). Two
cases were seen with multiple recur-
rences (Fig. 3, case 1 and 4), and the
visual acuity in one of those cases
dropped dramatically after the third
recurrence.

Functional outcome

Visual acuity

After initial PDT, an improvement in
visual acuity (VA) was seen (from
median 0.4 LogMar to 0.1 LogMar,
p < 0.001) in all participants except
for two whose VA remained the same.
The achieved VA showed in most
participants a small decrease over
time with a loss of VA from median
0.1 LogMar (range 1.0 to �0.1) to
0.15 LogMar (range 1.7 to �0.1) (p
0.09) after a mean follow-up of
11.36 years (range 5.1–15.5 years).
This trend was similar between the
participants without (0.1–0.15 Log-
Mar; p 0.24) and with a retreated
recurrence (0.075–0.2 LogMar; p 0.27)
as shown in Fig. 5.

During the follow-up study visit, five
participants proved to have an addi-
tional ocular problem with minor influ-
ence on their visual acuity. Of them,
two participant (one with and one
without a recurrence, pt 6 Fig. 3) had
an incipient cataract (VA after initial
PDT 0.1 and 0.05; during follow-up
both 0.2), two participants were treated
for glaucoma, and one had amblyopia
in the treated eye.

Comparing the VA before initial
PDT and at last follow-up, an improve-
ment in VA was found in 13 out of 17
participants irrespective of a recur-
rence. Two patients had a stable VA
as mentioned above. Two other
patients showed first an improvement
after the initial PDT but had a drop in
VA over time. One of them had mul-
tiple recurrences of the CCH. The
other was known with a symptomatic
CCH for at least ten years before PDT
and although his VA improved after
the initial PDT from 1.7 to 0.7 Log-
Mar, VA dropped again to 1.7 due to
retinal atrophy.

In the group of patients with a recur-
rence, VA changed from a median of 0.5
LogMar (range 1–0.3) before the first
episode to a median of 0.075 LogMar

Table 1. Patient characteristics.

Characteristic

Participant

n = 17

Without recurrence

n = 11

With recurrence

n = 6

Non-Participant

n = 16

Without known

recurrence

n = 13

With known

recurrence

n = 3

Sex (male/female) 14/3 10/1 4/2 10/6 8/5 2/1

Age at 1e treatment

(mean and range)

50.3 (27 to 76) 52.9 (39 to 76) 45.5 (27 to 60) 52.2 (34 to 76) 54 (34 to 76) 44.3 (37 to 53)

OD/OS 12/5 9/2 3/3 5/11 5/8 0/3

Months of follow-up

(mean, range)

136.3 (61 to 186) 141.5 (63 to 186) 126.5 (61 to 168) 37.6 (3 to 135) 34 (5 to 135) 51 (3 to 127)

Location

Macular 14 9 5 14 12 2

Outside vascular arcade

With* 2 1 1 1 0 1

Without* 1 1 0 0 0 0

Previous laser treatment 1 1 0 3 3 0

VA logMar at baseline

(median, range)

0.4 (1 to 0.1) 0.4 (0.9 to 0.1) 0.5 (1 to 0.3) 0.7 (2 to �0.1) 0.7 (2 to �0.1) 0.1 (0.3 to 0.1)

VA logMar after 1e PDT

(median, range)

0.1 (1 to �0.1) 0.1 (1 to �0.1) 0.075 (0.6 to 0) 0.35 (2 to 0) 0.4 (1.8 to 0) 0.1 (2 to 0.1)

Height of tumour in mm

(median, range) at baseline

3.0 (2 to 4.5) 3.0 (2 to 4.5) 3.1 (3 to 3.3) 3.5 (1.7 to 4.5) 3.1 (1.7 to 4.5) 3.5 (3.5 to 3.6)

Width of tumour in mm

(median, range) at baseline

8.7 (6 to 11) 8.7 (6.4 to 11) 6 (6 to 8.9) 8.9 (6.5 to 10.8) 8.6 (6.5 to 10.8) 10.5 (8.8 to 10.5)

Spot size 1e PDT treatment

in micron (median, range)

5.250 (2.500

to 7.000)

5000 (2.500

to 7.000)

5500 (5.000

to 6.500)

6500 (4.000

to 9.300)

6500 (4.000

to 9.300)

7000 (6.000

to 7.000)

More than 1 session of

PDT at 1e PDT treatment

3 1 2 6 5 1

OD, oculus dexter; OS, oculus sinister; PDT = photodynamic therapy; VA, visual acuity.

* Foveal inclusion.
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(range 0.6–0) after the initial PDT treat-
ment (p 0.01). During the (first) recur-
rence, the VA had a median of 0.25
LogMar (range 2–0.1) and recovered to a
median of 0.15 LogMar (range 0.7–0)
after retreatment with PDT.

Structural outcome

Fluorescein angiography and indocyanine

green angiography

Before the first PDT treatment, the FA
showed in many patients the classical
pattern of early filling of the tumour and
diffuse leakage on top of the tumour. In a
few patients, there were also widespread
retinal pigment epithelium (RPE)
changes, with pigment clumping and
window defects both at the site of the
tumour and inferior of the original
tumour, probably due to chronic leak-
age. On the ICG images, the classic
pattern of early filling with in most cases
a wash out phenomenon could be seen.

These typical classical patterns were
not seen at the follow-up study visit; FA
and ICG showed amuchmore confusing
pattern. The FA showed now a more
widespread loss and clumpingofpigment
of the RPE in all patients on top of the
location of the original tumour. Even a
more pronounced loss and pigment
clumping of the RPE in a pattern sug-
gestive for continuous chronic leakage
(gravitational tract) was found in six
patients who did not have a recurrence.
In four patients, this patternwas not seen
on the images before treatment and in the
other two patients this pattern was less
evident at the time of the first treatment,
suggesting a possible chronic leakage in
the absence of a recurrence (Fig. 1). On
ICG, atrophy of the choroidal capillaries
and smaller choroidal vessels could be
seen inmost patients.Threepatientswere
diagnosed with an active recurrence dur-
ing the follow-up study visit. Due to the
widespread changes of both theRPEand
the choroidal vessels, an active recur-
rence could not be recognized by the
classical CCHpattern onFAor ICGand
the wash out phenomenon was absent
(Fig. 4).

Fundus autofluorescence

A variety of hyper- and hypofluores-
cence areas, corresponding to the RPE
changes seen on FA, was seen in all
patients without a clear difference
between the patients with or without
a recurrence. No predictive factors
were found.

Fig. 1. A patient without a recurrence, circumscribed choroidal hemangioma (CCH) treated in

2004 with photodynamic therapy (PDT), colour image (A) and late fluorescein angiography (FA)

(B), notice the absence of leaking trace. During study follow-up, colour image (C), ultrasonog-

raphy (USG) absence of CCH (D), late FA and indocyanine green angiography (ICG) (E, F)

showing a leaking trace.
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Ultrasonography

After the first initial PDT, ten of the
seventeen participants had a complete
disappearance of the tumour on ultra-
sonography; in the remaining seven
patients, the tumour was still detect-
able. In four of these patients, the
tumour height was below 1 mm, and
there were no signs of leakage. These
patients were considered to be ade-
quately treated. Three patients had a
residual tumour thickness of more than
1 mm and received a second PDT
treatment 6 weeks after the first PDT
treatment. In two of these patients, the
residual tumour height was reduced
below 1 mm, and in one patient the
tumour became undetectable on USG.

Of the eleven patients without a recur-
rence 27% (3/11) had a detectable
tumour on USG of less than 1 mm
height, versus 50% (3/6) of the partic-
ipants with a recurrence. The patients
with and without a still detectable
tumour residue on USG of less than
1 mm are shown separately in the
Kaplan–Meier (Fig. 2). It is suggestive
that a detectable tumour on USG
might be a predictive factor, but
because of the small number of cases
this was not significant.

Even less predictive was the initial
tumour height before first PDT. The
median tumour height of the CCH in
the participants with a recurrence was
3.1 mm (range: 3.0 up to 3.3 mm) and

in those without a recurrence the
median tumour height was 3.0 mm
(range 2.0–4.5 mm).

Optical coherence tomography

Of the participants seen at the AUMC
(n14), a slight local increase in chor-
oidal thickness was seen on OCT (n12)
and this was not limited to the partic-
ipants with a recurrence. Seven of the
11 participants without a recurrence
showed this slightly increased local
thickness of the choroid with a dome
shaped elevation of the neuroretina
without signs of leakage (Fig. 1G).

During the study, in three patients an
active recurrence was diagnosed. The
OCT images in these patients showed an
increase at the site of the original tumour
of choroidal thickness with elevation of
the neuroretina, a limited neurosensory
detachment and intraretinal cysts
(Fig. 4). These signs of leakage on OCT
were easily detected and, with more
difficulty, confirmed on FA and ICG.

Discussion

Through this long-term follow-up study
of patients with a CCH successfully
treated between 2001 and 2012 with
limited single spot PDT, an unexpected
high number of recurrences were found.
In six out of 17 patients (35%), a recur-
rence was diagnosed after an average of
6 years (range 2.8–10.7 years) following
the initial therapy.Of the 16patientswho
did not participate in the study at least an
additional three patients had a docu-
mented recurrence.

At present, PDT is the preferred first
line treatment of CCH. The protocol for
PDT treatment differs between studies
reported in the literature. Some per-
formed the standard treatment as used
in the treatment of exudative age-related
macular degeneration (AMD) patients:
dosage of the drug 6 mg/m2 BSA, infu-
sion of the drug, solved in 30 cc 5%
glucose, infusion in 10 min, starting laser
treatment 5 min after the infusion, laser
time 83 seconds and delivering 50 J/
mm2 energy. Others shortened the infu-
sion time to a 1 min bolus injection. In
some studies, the authors used a spotsize
that should cover thewhole tumour area,
and in case the largest spot was not
sufficient, more than one spot was used.
Some authors used higher energy levels in
case of CCH with a height, measured by
USG, of more than 3.5 mm. Other stud-
ies prefer a longer application time, based

Fig. 2. Kaplan–Meier.Kaplan–Meier curveof recurrence-free probability of all participants and the

subgroups without and with a detectable residual tumour mass on ultrasonography (USG) after

photodynamic therapy (PDT) treatment. All detectable tumour mass on USG were less than 1 mm

height. Table below the graph represents the number at risk individuals in total and in each group.

Fig. 3. Graph of the recurrences of the circumscribed choroidal hemangioma (CCH); Case 1–5:
own observations; case 6: follow-up results received from ophthalmologist; Horizontal: years from

time-point of first photodynamic therapy (PDT) treatment, with 0 as study examination. Case 1, 2

and 3 had active recurrence during study examination. ^ initial treatment, * recurrence with PDT

treatment; Visual acuity before and after a recurrence in LogMar.
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(A) (B) (C)

(D)

(G1) (G2)

(J)(H)

(K)(I)

(E) (F)

Fig. 4. A patient with a recurrence (nr 2 of Fig. 3); 2006 first presentation with circumscribed choroidal hemangioma (CCH), colour image (A),

ultrasonography (USG) before photodynamic therapy (PDT) (B) and after PDT (C). A recurrence (2016 December) was found during study follow-up:

colour (D) and IR image (E). (F) Fundus autofluorescence, visualizing hyper- and hypoautofluorescence areas, (G1) fluorescein angiography (FA) and

indocyanine green angiography (ICG) after 1 min, (G2) after 20 min. without the classical wash out phenomenon. (H, I) Optical coherence tomography

(OCT) and USG before treatment of the recurrence. (J, K) Optical coherence tomography (OCT) and USG 4 months after treatment.
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on the slower blood perfusion through
choroidal hemangiomas (Schmidt-
Erfurth et al. 2002; Boixadera et al.
2009; Zhang et al. 2010; Pilotto et al.
2011; Su et al. 2014; Liu et al. 2018;
Papastefanou et al. 2018; Susskind et al.
2018;Lee et al. 2019).All studies reported
a high success rate with PDT treatment.
At the AUMC, we started with a higher
energy level compared to standard PDT
in AMD, and more than one spot in case
the largest spot could not cover the whole
tumour. Because we observed more than
the usual RPE changes following the first
patients, we switched to a limited single
spot PDT approach. With one spot only
covering the most elevated part of the
tumour, and 83 seconds laser time, deliv-
ering 50 J/mm2. With this treatment
protocol, 33 patients were treated suc-
cessfully, leakage disappeared, and the
tumour became either undetectable on
USG (76%), or a residual tumour was
still present, but with a tumour height
below 1 mm (24%).

In this study, we could evaluate 17
patients who were treated with this
limited single spot PDT between 2001

and 2012 for CCH after a mean follow-
up time of eleven years and four
months (range 5.1–15.5 years). VA
improved after PDT treatment, and
even after such a long follow-up
period, only a minimal decrease in
visual acuity over time was seen in
these patients, with and without a
recurrence, confirming the relative safe
aspect of this limited single spot PDT
protocol for the neurosensory retina.

In contrast to our initial assumption,
that following a successful PDT treat-
ment without any changes after the first
year the risk for recurrence was neglect-
able, many patients demonstrated a
recurrence later on. In some of them
even without new complaints. Based on
this study, we now recommend a con-
tinued regular follow-up every
6 months, to detect any recurrence in a
timely fashion. In this study, we found
the OCT to be the best device to detect a
recurrence with signs of leakage, show-
ing a neurosensory detachment and
intraretinal cysts (Fig. 4). In contrast
to the classic presentation, intraretinal
cysts was more frequently present

during a recurrence, perhaps as a con-
sequence of secondary incompetence of
the inner blood-retina barrier (Shields
et al. 2004; Liu et al. 2011; Jamison et al.
2018; Lee et al. 2018).

The only possible predictive factor
identified in the present study, although
not significant, is the presence of a
residual tumour following PDT treat-
ment on USG even when the height of
this residual tumour was below 1 mm
on USG, described as marginal detect-
able tumour and considered to be an
acceptable end-point of treatment. The
higher rate of recurrence in these
patients makes such an end-point ques-
tionable and perhaps the treatment
should aim to reach an undetectable
tumour on USG. However, there is a
risk for tissue ischaemia or destruction
when PDT is applied for total regres-
sion of the tumour (Schmidt-Erfurth
et al. 2005; Papastefanou et al. 2018).

During the follow-up, a slight thick-
ening of the choroid could be seen on the
OCT images that was undetectable on
USG. This was present in participants
with and without a recurrence. It is
unknown if this slight elevation was
present directly following the initial
PDT treatment (data not available). So
the slight thickening of the choroid could
be a remnant of the treated tumour or an
early sign of recurrence, without signs of
leakage. In onepatient, this thickeningof
the choroid was scanned with OCT after
initial PDT and was stable on the
OCTscans in height over 11 years, with-
out any signs of a recurrence. This
thickening was as frequently present in
the participants with and without a
recurrence and its value as a predictive
factor remains unclear.

The loss of RPE was much more
widespread on FA and FAF than the
area of the original tumour in all
patients during follow-up, suggesting
that an insidious leakage can occur
over time even in the absence of a
recurrence. The RPE loss in a gravita-
tional tract which had developed over
time in a few patients supports this
assumption. The presence of signs of
chronic leakage was not a predictive
factor for a recurrence.

The images of FA, ICG and FAF,
and the OCT findings were in a way
reminiscent of a chronic serous
choroidopathy. This pachychoroid dis-
ease is known with recurrence or
chronic presence of leakage, resulting
in (subclinical) subretinal fluid which

Fig. 5. Follow-up of visual acuity in LogMar for the patient group without a recurrence (n11),

with a recurrence (n6) and for all participants (n17). Showing the spread in LogMar VA before

treatment, after first treatment and during the study. Horizontal line = median, box = whiskers

interquartile range.
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results in areas and traces of RPE loss
in gravitational tracts. Very similar
images were found in this study. This
similarity could be a consequence of a
slow flush out of the RPE cells due to
an insidious subclinical leakage.

The high recurrence rate found in
this study could be the result of an
insufficiency of the limited single spot
PDT protocol, and perhaps other PDT
protocols are more effective in that
respect. Comparable follow-up studies
of CCH are very rare. The follow-up
study of Michels et al. had a mean
follow-up of 3 years in 15 patients,
treated with PDT (Verteporfin 6 mg/
m2 body surface area, 1 min bolus iv,
after 5 min photosensitization with a
single light spot of 100 J/cm2, irradi-
ance of 600 mW/cm2 with a diode laser
with a 689 nm wavelength; retreatment
if persistent subretinal fluid was seen
and a residual tumour prominence was
found by ultrasonography after
6 weeks) and found an improved VA
after treatment which was stable over
3 years (>80% VA of 20/26). The CCH
remained non-detectable on USG, and
there were no recurrences during fol-
low-up (Michels et al. 2005). The fol-
low-up study of Blasi et al. included 25
patients, and all treated with PDT
(Verteporfin 6 mg/m2 body surface
area, IV over 10, 5 min after infusion
photosensitization with single or over-
lapping spots of 100 J/cm2, irradiance
of 600 mW/cm2 with a diode laser with
a 689 nm wavelength; retreatment
when persistent exudation in the mac-
ular region, no complete flattening of
lesion on USG was necessary). They
also reported a good improvement of
visual acuity and resolution of (sub)-
macular exudation without recurrences
over 5 years (Blasi et al. 2010). In
contrast with these studies is the study
of Beardsley et al. focusing on four
patients with a recurrence, all were
treated with the standard full-fluence
treatment, single spot and a 689 nm
beam for 83 seconds. Recurrences were
noted in the study of Beardsley after
10–38 months, and each patient was
retreated multiple times (Beardsley
et al. 2013).

In conclusion, CCH can be success-
fully treatedwithPDT.The limited single
spot PDT protocol is a safe treatment
preserving the VA even after a long
follow-up time. With the relatively high
recurrence rate found in this study, we
recommend regular follow-up with OCT

every 6 months, especially in the patients
with a marginal detectable tumour on
USG following PDT treatment.
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