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Abstract

Purpose To compare visual and anatomical outcomes of half-
fluence (HF) and half-dose (HD) photodynamic therapy
(PDT) in chronic central serous chorioretinopathy (CSC).
Particular focus was given to photoreceptor recovery rate fol-
lowing treatment.

Methods Retrospective review of 52 chronic CSC patients
who underwent HF- or HD-PDT (26 patients per group).
Best-corrected visual acuity and spectral-domain optical co-
herence tomography findings were compared between groups.
Results Average follow-up for HF- and HD-PDT was 20.7+
7.2 and 22.3+6.1 months respectively. Both groups had signif-
icant visual acuity improvements, as well as central foveal and
subfoveal choroidal thickness reductions. Measured parameters
were not significantly different between groups at any time
point examined. Complete photoreceptor recovery, defined as
a continuous ellipsoid zone with a discernible interdigitation
zone, was observed at 12 months in 19 (73 %) and 14 patients
(54 %) in the HF- and HD-PDT groups respectively (p=0.150).
Overall photoreceptor recovery rate was not different between
groups (p=0.301, log-rank test). Delayed (>12 months) photo-
receptor recovery was significantly associated with baseline
external limiting membrane disruption (OR: 21.7, 95 % CIL:
1.7-285.4, p=0.019), disease duration (years, OR: 1.9, 95 %
CI: 1.2-3.0, p=0.005), and fovea-to-PDT spot center distance
(100 wm unit, OR: 0.74, 95 % CI 0.56-0.97, p=0.027).
However, delayed photoreceptor recovery was not significantly
associated with PDT modality.
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Introduction

Central serous chorioretinopathy (CSC) is characterized by
serous detachment of the neurosensory retina in the posterior
pole, and diffuse decompensation of the retinal pigment epi-
thelium (RPE) [1]. The exact pathophysiology of CSC re-
mains unknown. However, indocyanine green angiography
(ICGA) has shown hyperpermeable choroidal vessels [2, 3],
and enhanced-depth imaging (EDI) optical coherence tomog-
raphy (OCT) has shown thickened choroidal tissue [4] in eyes
with CSC, which suggests choroidal vasculopathy as a direct
cause of CSC.

Photodynamic therapy (PDT), which induces intravascular
damage, thrombus formation, and selective vascular occlusion
[5], is gaining in popularity as a treatment for CSC [6-8]. To
reduce possible PDT-associated complications [6, 9, 10], vari-
ous modifications have been made to the standard PDT proto-
col, i.e., halving the laser fluence [11-13] and the photosensi-
tizer dose [14, 15]. Fortunately, both treatment modifications
have been shown to be effective in resolving subretinal fluid
(SRF) and in improving visual acuity in eyes with CSC.
However, few studies have directly compared the efficacy of
half-fluence (HF) and half-dose (HD) PDT in eyes with CSC.
Nicolo et al. [16] recently found that HD-PDT was more effec-
tive than HF-PDT in drying the macula, while no significant
differences in visual outcomes were observed. Alkin et al. [17]
showed that both HD- and HF-PDT were equally effective in
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resolving SRF and improving visual acuity. However, both of
these studies only examined visual acuity, central foveal thick-
ness, and SRF resolution in a relatively short follow-up period
to draw their conclusions.

In the current study, we compared visual and anatom-
ical outcomes of HF- and HD-PDT in eyes with chronic
CSC more thoroughly. Serial assessments of spectral-
domain optical coherence tomography (OCT) images
allowed us to quantitatively (central foveal thickness,
subfoveal choroidal thickness) and qualitatively (external
limiting membrane [ELM] and ellipsoid zone status) ex-
amine the effect of HD- and HF-PDT on CSC. In particular,
we focused on photoreceptor recovery rate following PDT and
its associated factors.

Materials and methods

We retrospectively reviewed the medical records of patients
diagnosed with chronic CSC who underwent PDT at Seoul
National University Bundang Hospital (Seongnam, South
Korea) between January 2011 and July 2012. This study was
approved by the institutional review board (IRB) of Seoul
National University Bundang Hospital (Seongnam, South
Korea). The need for a study informed consent was waived
by the IRB. All study conduct adhered to the tenets of the
Declaration of Helsinki.

A CSC diagnosis was based on fundoscopy, fluorescein
angiography (FA), ICGA (Heidelberg Retina Angiography,
Heidelberg Engineering, Heidelberg, Germany), and OCT
(Spectralis OCT, Heidelberg Engineering, Heidelberg,
Germany) findings. The CSC was considered chronic if
visual disturbances persisted for more than 6 months or if
CSC was recurrent. Patients were included in analyses if
the following were true: (1) chronic CSC diagnosis, (2)
best-corrected visual acuity (BCVA) of 20/200 or better,
(3) presence of SRF involving the fovea on OCT, and (4)
clinical follow-up of at least 12 months. Patients were ex-
cluded from analyses if any of the following were true: (1)
presence of choroidal neovascularization or any other
chorioretinal disorder that might affect visual acuity and/or
foveal structure, (2) history of CSC treatment other than oral
medication, or (3) history of intraocular surgery (uncomplicat-
ed cataract surgery allowed).

During the study period, two separate retinal outpa-
tient clinics at our hospital used different PDT modifi-
cations for CSC patients. Patients underwent either HF-
PDT (25 J/em?, Dr. KHP) or HD-PDT (3 mg/m?
verteporfin [Visudyne, Novartis AG, Switzerland], Dr.
SJW) using a 689-nm laser for 83 s. The PDT spot size
was defined as the diameter of the smallest circle cov-
ering the hyperpermeable choroidal lesion that resulted
in subfoveal fluid accumulation, as imaged on mid-
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phase ICGA. If there were more than two separate areas
of choroidal hyperpermeability, they were measured sep-
arately and treated separately in the same PDT session.
In these cases, overall PDT spot size was defined as the
sum of the individual PDT spot sizes.

All SD-OCT images were evaluated quantitatively
and qualitatively. Quantitative evaluations included cen-
tral foveal thickness and subfoveal choroidal thickness
measurements. Central foveal thickness was defined as
the distance between the internal limiting membrane and
the inner border of the RPE, and was measured manu-
ally using the built-in calliper tool. Subfoveal choroidal
thickness was also manually measured on EDI-OCT im-
ages [18], and defined as the distance between the outer
portion of the RPE and the inner surface of the sclera
beneath the foveal center. To adjust for physiological
variation in baseline choroidal thickness, the ratio of
follow-up choroidal thickness to baseline choroidal
thickness was also evaluated. The distance between PDT spot
center and foveal center was also measured manually using
the built-in calliper tool. We evaluated the PDT spot coverage
over 1-mm foveal subfield zone, i.e., complete, partial, or no
involvement.

Qualitative assessments of OCT images included ELM and
photoreceptor ellipsoid zone status. These evaluations were
made on a line scan that was the average of 50 to 100 hori-
zontal or vertical OCT scans that were centered on the fovea.
The presence or absence of subfoveal fluid within the
juxtafoveal area was also determined using 20%30° volume
scan images centered on macula. The ELM was then classified
as complete or disrupted (discontinuous) and the photorecep-
tor ellipsoid zone was classified as disrupted (discontinuous),
partial (no gross discontinuity, indiscernible interdigitation
zone), or complete (continuous, discernible interdigitation
zone). When SRF was present, a precise ellipsoid zone assess-
ment could not be made, thus only ELM status was evaluated.
Two independent observers (Y-KK, N-KR) measured and
evaluated OCT parameters. The averages of quantitative mea-
surements were used in analyses. When discrepancies in qual-
itative assessments of the ELM or the ellipsoid zone status
arose, the two observers discussed their evaluations and came
to an agreement.

Snellen BCVA measurements were converted to the loga-
rithm of the minimal angle of resolution (logMAR) scale for
all analyses. Patients were examined 1 month after PDT and
every 3 to 4 months thereafter. The final visit was defined as
an evaluation performed at the last visit, more than 12 months
following PDT. Means of continuous variables were com-
pared using the Mann—Whitney test, and categorical variables
were compared using a chi-squared or Fisher’s exact test.
Serial changes of visual outcome, central foveal thickness,
and subfoveal choroidal thickness were compared between
HF- and HD-PDT groups using linear mixed model, with
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Table 1  Clinical characteristics between patients who underwent half-fluence and half-dose photodynamic therapy (PDT) for chronic central serous
chorioretinopathy (CSC)

Half-fluence PDT Half-dose PDT P value®
(n=26) (n=26)
Age 46.5+8.4 46.4+7.0 >0.999
Male, n (%) 20 (77) 23 (89) 0.465
Diabetes mellitus, 7 (%) 2(8) 14 >0.999
Hypertension, n (%) 14 5(19) 0.191
CSC duration based on patient symptoms
Most-recent episode, weeks 17.0+23.1 22.6+34.0 0.224
Time elapsed since first episode, months 23.9+26.1 27.5+39.4 >0.999
Recurrent disease, n (%) 20 (77) 15 (58) 0.139
Follow-up period, months 20.7£7.2 22.3+6.1 0.341
PDT parameters
Fovea to PDT spot center distance, pm 8224650 651+496 0.394
PDT spot size, pm 2,373+555 3,073+848 0.002
PDT spot coverage over | mm foveal subfield, n (%)
Complete 13 (50) 20(77) 0.067°
Partial 11 (42) 5(19)
None 2(8) 14
BCVA (logMAR)
Baseline 0.31+£0.29 0.31+0.20 0.518
Final (>12 months) 0.11£0.20 0.12+0.20 0.698
Final visual gain (logMAR) 0.19+0.22 0.19+0.19 0.595
Final BCVA improvement, n (%)° 727) 5(19) 0.510
Final BCVA unchanged or improved, n (%) 25 (96) 26 (100) >0.999
Baseline OCT
Central foveal thickness, pm 363.9+138.4 350.0+125.3 0.784
Subfoveal choroidal thickness, um 436.2+1304 409.9+124.8 0.241
PED, n (%) 6 (23) 4 (15) 0.482
Complete ELM, 7 (%) 20 (77) 23 (89) 0.465
Final OCT (=12 months follow-up)
Central foveal thickness, um 186.0+£26.2 179.6+27.9 0.332
Subfoveal choroidal thickness, um 359.4+102.2 328.9+108.5 0.249
PED, n (%) 0 1(4) >0.999
Complete ELM, 1 (%) 24 (92) 26 (100) 0.490
Ellipsoid zone status, n (%) 0.253°
Complete 23 (92) 19 (76)
Partial 14 5(20)
Disrupted 14) 1(4)
Residual subretinal fluid, # (%) 14 1(4) >0.999
Complete photoreceptor recovery rate
6 months, n (%) 12 (46) 11 (42) 0.780
12 months, n (%) 19 (73) 14 (54) 0.150
Recurrent CSC, n (%) 1(4) 1(4) >0.999

Data presented as mean + standard deviation, where applicable. ® Mann—-Whitney test and chi-square or Fisher’s exact test used for continuous and
categorical variables, respectively. ® Linear by linear association. ¢ Increase in BCVA of >3 lines. ¢ Decrease in BCVA of <3 lines. BCVA best-corrected
visual acuity, ELM external limiting membrane, OCT optical coherence tomography, PED pigment epithelial detachment

Significant p values (<0.05) are represented in bold

group and time as fixed effects and patients as random effect. (Stata version 13.0; Stata Corp., College Station, TX, USA)
Statistical analyses were performed using statistical software  and statistical significance was defined as a p<0.05.

@ Springer



2066

Graefes Arch Clin Exp Ophthalmol (2015) 253:2063-2073

Results

Twenty-six eyes of 26 patients underwent HF—PDT. Another
26 eyes of 26 different patients underwent HD-PDT. The de-
mographics and clinical characteristics of both groups are
summarized in Table 1. There were no significant differences
between groups in terms of age, sex, chronicity of the disease,
and PDT parameters, except for PDT spot size, which was
larger in the HD-PDT group (HD-PDT, 3,073+848 um vs
HF-PDT, 2,3734+555 um, p=0.002). Figure 1 shows changes
in BCVA, visual gain, central foveal thickness, and subfoveal
choroidal thickness over time for each PDT group. Both
groups showed significant improvement of visual acuity and
reduction of central foveal thickness and subfoveal choroidal
thickness over time (all p<0.001, linear mixed model), with-
out any significant differences between groups (all p>0.7,
linear mixed model, Fig. 1).

Most patients had complete SRF absorption 1 month
after PDT, indicating a prompt effect of PDT in drying
the macula. There were no significant differences in
SRF absorption rates between the two groups (p=
0.976, log-rank test, Fig. 2). Only one patient (4 %)
in the HF-PDT group had persistent shallow SRF, which
was present until the last visit 27 months after treatment.
Although SRF persisted in this 54-year-old man, ICG leakage
was markedly reduced, and no additional PDT was performed
(Fig. 3). All other patients had complete SRF absorption with-
in 5 months of PDT.

Figure 4 shows a typical photoreceptor recovery following
PDT in an eye with CSC. Baseline OCT images revealed
subfoveal fluid and a continuous ELM without gross defects
(Fig. 4a). One month after PDT, the SRF had been completely
absorbed, while the ellipsoid zone was discontinuous
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SRF percent survival
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Fig. 2 Absorption rate of subretinal fluid (SRF) under the macula in
patients treated with half-fluence and half-dose photodynamic therapy.
The bottom portion of the figure is the magnified view of the
rectangular area indicated in the fop portion

(Fig. 4b). Three months after PDT, the ellipsoid zone was
continuous without gross defects, but the subfoveal interdigi-
tation zone was indiscernible (Fig. 4c). Six months after PDT,
the subfoveal interdigitation zone was visible and distinguish-
able from the ellipsoid zone and RPE/Bruch’s complex
(Fig. 4d). Photoreceptor recovery continued through the last
follow-up visit 12 months after PDT (Fig. 4e).
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Fig. 3 Imaging studies of the left eye of a 54-year-old man with
persistent subretinal fluid (SRF) after half-fluence photodynamic
therapy (PDT). a Baseline indocyanine green angiography (ICGA)
showing leakage. b An ICGA image taken 1 month after PDT showing
a decrease in the amount of leakage. ¢ An ICGA image taken 6 months
after PDT showing that the leakage remained decreased. d Baseline
optical coherence tomography (OCT) revealed subfoveal fluid with a

The proportion of patients with a complete photoreceptor
recovery (continuous ellipsoid zone, discernible subfoveal in-
terdigitation zone) in each group was also examined. By
12 months, 19 of 26 patients (73 %) in the HF-PDT group
and 14 of 26 patients (54 %) in the HD-PDT group had a
complete photoreceptor recovery (p=0.150). No significant
differences were observed between groups in overall photore-

ceptor recovery rates (p=0.301, log-rank test, Fig. 5, Table 1).

We evaluated clinical factors associated with photoreceptor
recovery rate, including the type of PDT administered. The
cut-off point between an early and delayed photoreceptor re-
covery was arbitrarily chosen as 12 months, and clinical char-
acteristics were compared between two groups (Table 2).
Multiple logistic regression analysis was performed to deter-
mine factors associated with a delayed photoreceptor recov-
ery. The following parameters were examined: age, sex, CSC
disease duration, distance from fovea-to-PDT spot center,
PDT spot size, PDT modality, and baseline ELM disruption.
Three clinical factors were significantly associated with

disrupted external limiting membrane (arrowheads). e An OCT image
taken 1 month after PDT shows a decrease in subfoveal fluid. f An OCT
image taken 6 months after PDT shows an increase in subfoveal fluid, but
no active leakage was observed on ICGA (c). No additional treatments
were administered to the patient. g—i Subfoveal fluid was present until
the last follow up examination 27 months after PDT. Visual acuity (V4) is
shown in the lower, left corner of each image

delayed photoreceptor recovery, which were ELM disruption
at baseline (OR: 21.7, 95 % CI: 1.7-285.4, p=0.019), disease
duration (years, OR: 1.9, 95 % CI: 1.2-3.0, p=0.005), and
fovea-to-PDT spot center distance (100 um, OR: 0.74, 95 %
CI: 0.56-0.97, p=0.027). Interestingly, PDT modality was not
significantly associated with a delayed photoreceptor recovery
(HD-PDT, OR: 4.5, 95 %: CI 0.8-25.4, p=0.093, Table 3).
One patient (4 %) in each group had CSC recurrence dur-
ing the follow-up period after complete disease resolution. A
46-year-old male patient underwent HF-PDT in his left eye (1,
500 pm spot, 800 wm inferior to the fovea). Subfoveal fluid
had completely absorbed 1 month after treatment. However, a
small amount of SRF beneath the previous area of leakage
recurred 22 months after treatment. The SRF did not extend
into the subfoveal region (Fig. 6). Another 46-year-old male
patient underwent HD-PDT in his left eye (2,400 um spot,
400 pwm temporal to the fovea). Subfoveal fluid had complete-
ly absorbed 1 month after PDT, but recurred 26 months after
treatment. The amount of leakage present on late-phase ICGA
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Fig. 4 Typical photoreceptor
recovery following half-fluence
photodynamic therapy (PDT) in a
45-year-old male with central
serous chorioretinopathy. a
Baseline optical coherence
tomography image showing
subfoveal fluid. The external
limiting membrane (ELM) is
continuous with no gross defects
(arrowheads). b One month after
PDT, the subfoveal fluid has
completely absorbed, but
discontinuities in the ellipsoid
zone (EZ) are visible
(arrowheads). ¢ Three months
after PDT, the EZ is continuous
with no gross defects, but a
subfoveal interdigitation zone is
not apparent. d Six months after
PDT, the subfoveal interdigitation
zone is visible (arrows). e Twelve
months after PDT, EZ integrity
has been maintained and an
interdigitation zone is visible
(arrows)

" . e E
Continuous ELM
Disrupted EZ

Continuous EZ
Indiscernible 1Z

images was less severe than that present before PDT.
Interestingly, the amount of subfoveal fluid spontaneously re-
duced 2 months later (Fig. 7).

Discussion

In this study, we compared long-term visual and anatomical
outcomes following HF- and HD-PDT for chronic CSC, and
found that both modalities are effective in treating the disease.

Fig. 5 Photoreceptor (PR) 100

recovery rates in patients treated
with half-fluence or half-dose
photodynamic therapy. Complete
PR recovery was defined as a
continuous ellipsoid zone and a
discernible interdigitation zone on
spectral domain optical coherence
tomography images. The overall
PR recovery rate was not
significantly different between the
half-fluence and half-dose
photodynamic therapy groups

PR recovery rate (%)

Both treatments resulted in a significant improvement in visu-
al acuity and reductions in central foveal and subfoveal cho-
roidal thickness measurements. On average, these benefits
were maintained for more than a year. Additionally, all but
one patient in the HF-PDT group had complete SRF absorp-
tion by 5 months, mostly within 1 month. This result is com-
parable with those of previous studies. Chan et al. [14] eval-
uated the efficacy of HD-PDT in chronic CSC patients, and
reported that 89.6 % of eyes had complete SRF resolution at
12 months, and that 95.8 % of eyes had stable or improved

---- Half fluence
— Half dose

(log-rank test, p=0.301) 0
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Table 2 Clinical characteristics of patients with early (<12 months) and delayed (>12 months) photoreceptor recovery after photodynamic therapy
(PDT) for chronic central serous chorioretinopathy (CSC)

Early recovery Delayed recovery P value®
(n=33) (n=19)
Age 44.8+6.8 49.3+8.2 0.049
Male, n (%) 25 (76) 18 (95) 0.130
Diabetes mellitus, #n (%) 1(3) 2 (11) 0.546
Hypertension, n (%) 309 3 (16) 0.656
Symptom duration
Recent episode, weeks 18.3+£21.8 22.5+38.9 0.646
First episode, months 15.2+12.9 44.0+47.5 0.034
Recurred case, 1 (%) 22 (67) 13 (68) 0.897
Follow-up period, months 20.0+£6.8 243+£52 0.020
PDT parameters
Half-fluence: half-dose, n (%) 19:14 (58:42) 7:12 (37:63) 0.150
Distance from fovea to PDT spot center, pm 875+645 495+337 0.021
PDT spot size, pm 2,579+763 2,974+800 0.051
PDT spot over | mm foveal subfield, n (%) 0.017°
Complete 17 (52) 16 (84)
Partial 13 (39) 3(16)
None 309 0
BCVA (logMAR)
Baseline 0.27+0.24 0.38+0.24 0.064
Final (>12 months) 0.04+0.11 0.25+0.25 <0.001
Final visual gain (logMAR) 0.23+0.20 0.13+£0.21 0.065
Final BCVA improved, n (%)° 9(27) 3 (16) 0.499
Final BCVA stable or improved, 7 (%)" 33 (100) 18 (95) 0.365
Baseline OCT
Central foveal thickness, pm 386.4+134.8 305.84+109.0 0.039
Subfoveal choroidal thickness, pm 413.8+117.8 439.0+143.8 0.628
PED, n (%) 8 (24) 2 (11) 0.293
Complete ELM present, 1 (%) 30 (91) 13 (68) 0.059
Final OCT (>12 months)
Central foveal thickness, pm 190.2+18.1 170.1+34.9 0.079
Subfoveal choroidal thickness, um 339.94+92.7 351.4+£127.1 0.947
PED, n (%) 1(3) 0 >0.999
Complete ELM present, 1 (%) 32 (100) 18 (95) 0.373
Ellipsoid zone status, 7 (%) <0.001°
Complete 32 (100) 10 (56)
Partial 0 6(33)
Disrupted 0 2 (11)
Residual subretinal fluid, n (%) 1(3) 1(5) >0.999
Recurrence, n (%) 2 (6) 0 0.534

Data presented as mean + standard deviation, where applicable. * Mann-Whitney test and chi-square or Fisher’s exact test used for continuous and
categorical variables, respectively. ® Linear by linear association. © Increase in BCVA of >3 lines. ¢ Decrease in BCVA of <3 lines. BCVA best-corrected
visual acuity, ELM external limiting membrane, OCT optical coherence tomography, PED pigment epithelial detachment

Significant p values (<0.05) are represented in bold

vision after treatment. Smretschnig et al. [13] examined HF- In the previous study, Nicolo et al. suggested a greater
PDT for chronic CSC. They observed a significant improve-  efficacy of HD-PDT in drying the macula [16]. However,
ment in visual acuity, a decrease in central foveal thickness, we could not observe similar results, as there were no signif-
and complete resolution of SRF one month after treatment. icant differences in terms of SRF absorption rate or central
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Table 3  Factors associated with delayed (>12 months) photoreceptor
layer recovery after photodynamic therapy (PDT) in eyes with chronic
central serous chorioretinopathy

Odds 95 % Confidence p value®
ratio  interval

ELM disruption on baseline OCT 21.7 1.7-2854 0.019
Half-dose PDT 45 0.8-254 0.093
Disease duration (years) 1.9 12-3.0 0.005
Distance from fovea to PDT 0.74 0.56-0.97 0.027

spot center (in 100 pm unit)

#Multiple logistic regression analysis using backward elimination
(p>0.10) based on the probability of the likelihood-ratio. ELM external
limiting membrane, OCT optical coherence tomography

Significant p values (<0.05) are represented in bold

foveal thickness change between the two PDT modality
groups. As it was a retrospective study, we were not able to
fully match the baseline characteristics between groups, and
PDT spot size was significantly larger in the HD-PDT group.
However, even after adjusting with those potential biasing
factors on SRF absorption rate after PDT, such as age, sex,
disease chronicity, PDT modality, PDT spot size, distance

Fig. 6 A 46-year-old male
patient who underwent half-
fluence photodynamic therapy
(PDT) had recurrent subretinal
fluid. The PDT spot size was
1500 pm and was centered
approximately 800 pum inferior to
the fovea. The left column shows
fovea-centered optical coherence
tomography (OCT) images and
the right column shows PDT
spot-centered OCT images.
Subretinal fluid was apparent at ™
baseline (top row), both under the

fovea and under the PDT lesion

center. One month after PDT

(second row), the subretinal fluid

had completely resolved. Five

months after PDT (third row), the

subfoveal photoreceptor layer

was completely restored.

Unfortunately, 22 months after 5M
PDT (bottom row), a small

amount of subretinal fluid was

again present under the center of

the PDT lesion. The subfoveal

region remained unaffected

Baseline |

22M
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from fovea to PDT spot center, baseline central foveal thick-
ness, and subfoveal choroidal thickness, there were no signif-
icant differences in SRF absorption rate between the HF- and
HD-PDT groups (data not shown). Further study with pro-
spective design and a large number of patients is needed to
draw the conclusion on this issue.

It is well-known that choroidal thickness is reduced follow-
ing PDT. Compared to laser photocoagulation, standard PDT
reduces choroidal thickness and ICG vessel hyperpermeability
[19]. A recent study showed significant decrease in the lumen
area of abnormal choroidal vessels after HD-PDT [20]. These
suggest that PDT induces remodelling of the choroidal vascula-
ture. In the current study, we examined and compared subfoveal
choroidal thickness changes over time in patients undergoing
HF- or HD-PDT. Subfoveal choroidal thickness measurements
were significantly decreased 1 month following treatment in
both groups, and persisted until the last follow-up visit. There
were no significant differences in choroidal thickness between
the HF- and HD-PDT groups. This suggests that choroidal vas-
cular changes induced by PDT are maintained over the long-
term (>12 months), regardless of the modality of PDT.

Photoreceptor recovery after PDT was evaluated using
ELM and ellipsoid zone integrity, as determined on OCT
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Fig. 7 A 46-year-old male patient who underwent half-dose
photodynamic therapy (PDT) had recurrent subretinal fluid (SRF). The
PDT spot size was 2400 pm, and was centered approximately 400 pm
temporal to the fovea. a, b Early- (a) and late-phase (b) indocyanine
green angiography images. Hyperpermeable choroidal vessels and late
leakage are observed. ¢ At baseline, an optical coherence tomography
(OCT) image shows a large amount of subfoveal fluid, along with a
small pigment epithelial detachment. d One month after PDT, an OCT

images. The ellipsoid zone was considered to have a complete
recovery when it was continuous and accompanied by a dis-
cernible interdigitation zone. The interdigitation zone, also
referred to as the cone outer segment tips line, represents the
junction between cone outer segments and apical RPE pro-
cesses [21, 22]. Interdigitation zone integrity has been shown
to be highly correlated with visual acuity in various disorders
[23-25]. Additionally, a distinct, sometimes irregular, inter-
digitation zone is only observed in eyes with an intact ELM
and ellipsoid zone [24]. Therefore, ellipsoid zone assessment
may be more complete when the interdigitation zone is also
evaluated. In a previous study, the ellipsoid zone was clearly
detected immediately after the resolution of SRF in 71.6 %,
and some of the remaining eyes showed recovery of the ellip-
soid zone during follow-up [26]. In studies assessing the el-
lipsoid zone after HD PDT, 55.2 % of eyes showed continuous
ellipsoid zone at 12 months [27], and 76 % of eyes showed
ellipsoid zone continuity at 6 months in another study [28].
Additionally, 38 % and 46 % of eyes displayed a fragmented

image shows complete subfoveal fluid absorption. e An OCT image
taken 26 months after PDT shows a large amount of subfoveal fluid. f, g
Early- (f) and late-phase (g) indocyanine green angiography images
obtained 3 weeks after SRF recurrence. Hyperpermeable choroidal
vessels are present, but the amount of leakage is less severe than it was
before PDT. h Two months after SRF recurrence, the amount of SRF has
spontaneously decreased

or continuous interdigitation zone 6 and 12 months respective-
ly after treatment [29].

Unfortunately, few studies have evaluated photoreceptor re-
covery after HF-PDT. Our results showed a recovered ellipsoid
zone 12 months following treatment in 73 % and 54 % of eyes
treated with HF-and HD-PDT respectively. Although the HF-
PDT group showed relatively rapid recovery of the ellipsoid
zone compared to the HD-PDT group after 12 months, there
were no significant differences in overall recovery rate.
Moreover, the follow-up interval was not tight enough to pre-
cisely detect the exact time point of photoreceptor recovery
after 1 year, and the PDT spot size was even larger in the
HD-PDT group. Thus, it is likely that there are no significant
differences in the rate of photoreceptor recovery after HF- and
HD-PDT. In contrast to the results of a previous study, where
the ellipsoid zone had not appeared at 6 months and still could
not be seen at 1 year [28], our results suggest continued recov-
ery of the ellipsoid zone even after a year. Complete ellipsoid
zone recovery was observed in 23 of 26 eyes (88 %) in the HF-
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PDT group and 20 of 26 eyes (77 %) in the HD-PDT group at
the last visit. Multiple logistic regression analysis result showed
that chronicity of the disease and baseline ELM status was
significantly associated with photoreceptor recovery after
PDT. This is in accordance with a previous study, which
showed that changes in the foveal photoreceptor layer in CSC
may predict visual recovery after foveal reattachment [30]. In
addition, distance between fovea and PDT center was also re-
lated to photoreceptor recovery rate. However, the modality of
PDT, i.e., HF or HD, did not significantly affect the rate of
photoreceptor recovery.

Long-term recurrence results have typically been reported for
standard PDT protocols. Vasconcelos et al. [31] reported that
two of 17 eyes (11.8 %) underwent a second round of PDT due
to SRF recurrence during >5 years follow up. Silva et al. [32]
showed a 93.4 % SRF resolution rate 4 years after standard
PDT, with four of 46 eyes (8.7 %) requiring a second PDT for
persistent (three eyes) or recurrent (one eye) SRF. However,
long-term recurrence results following HF- and HD-PDT re-
main to be fully characterized. In our study, mean follow-up
time was 21 and 22 months in the HF- and HD-PDT groups
respectively. One eye (4 %) in each group had recurrent SRF,
and the recurrent SRF was less severe than that originally ob-
served prior to PDT. However, because of the small number of
cases and the relatively short follow-up period, our findings
remain inconclusive.

Study limitations include the small case numbers and its
retrospective design, which led to a lack of randomization and
irregular follow-up intervals. However, our direct comparison
of quantitative and qualitative assessments of visual and ana-
tomical outcomes following HF- and HD-PDT offers some
insight. Prospective studies with a longer follow-up are need-
ed to draw more concrete conclusions.

In summary, there were no significant differences in visual
or anatomical outcomes following HF- and HD-PDT for
chronic CSC. In both treatment groups, a steady photoreceptor
recovery was observed following PDT, which was significant-
ly dependent upon baseline photoreceptor damage severity,
disease duration, and fovea—to-PDT spot distance. The PDT
modality used did not significantly affect photoreceptor recov-
ery rates.
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