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Objective: To evaluate the short- and long-term outcomes of half-dose verteporfin with
photodynamic therapy (PDT) in the treatment of chronic central serous retinopathy (CSR).
Design: Retrospective case series.

Participants: 45 eyes in 39 patients with chronic CSR were included. Diagnosis of chronic
CSR was confirmed by fluorescein angiography and persistence of subretinal fluid by optical
coherence tomography for a minimum of 3 months duration.

Methods: Each patient underwent treatment with half-dose verteporfin with full-fluence PDT;
initial follow-up was defined as a 6-8 week visit following the treatment, and final follow-up
ranged from 5 to 70 months.

Results: The average follow-up period for treatment was 19.3 months. Best-corrected visual acu-
ity increased from logMAR means of 0.52 to 0.42 (p<<0.05). Central retinal thickness and chor-
oidal thickness also significantly decreased at last follow-up (»<<0.05). Eight of 45 eyes (18%)
demonstrated a recurrence of CSR following treatment within the follow-up period. At the final
follow-up, 41 out of the 45 eyes (91%) had complete resolution of subretinal fluid accumulation.
Conclusion: Half-dose PDT is an effective treatment option for chronic CSR in a Canadian
population, and it is both safe and durable. The positive treatment effect is realized rapidly, with
the initial 6-week result highly correlated with the final follow-up result.

Keywords: central serous chorioretinopathy, photodynamic therapy, verteporfin, half-dose
verteporfin

Introduction

Central serous retinopathy (CSR) is characterized by serous detachment of the
neurosensory retina and accumulation of subretinal fluid (SRF) in the posterior pole.
Although the pathophysiology of the disease is not entirely understood, indocyanine
green (ICG) angiography studies have demonstrated choroidal vascular hyperper-
meability, suggesting that the primary pathology of CSR occurs at the level of the
choroid.!? Various risk factors have been associated with CSR including, but not limited
to, use of corticosteroids, type A personality, pregnancy, and male gender.’

Most episodes of CSR resolve spontaneously; however, visual symptoms such
as reduced contrast sensitivity or faint scotoma may persist despite the resolution of
SRF.? Recurrence has been reported in 30%—50% of patients within the first year of
the first episode.? Chronic CSR (persistence of SRF =3 months) occurs in 5% of cases
and is characterized by widespread retinal pigment epithelium (RPE) changes as well
as significant visual morbidity.*
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Various treatment strategies have been described for
chronic CSR including laser photocoagulation and medical
therapy; however, they do not address the underlying choroi-
dal hyperpermeability. Photodynamic therapy (PDT) has been
explored as a treatment option with positive results. It was
initially developed for the treatment of choroidal neovascular
membranes in age-related macular degeneration.” PDT is
thought to act directly on the choroidal vasculature in CSR by
reducing choroidal congestion, vascular hyperpermeability,
and leakage.¢ Initial studies using conventional dosage of PDT
have shown improved visual outcomes; however, complica-
tions including RPE atrophy, choroidal ischemia, and second-
ary choroidal neovascularization have been described.”® In
an effort to minimize these adverse effects, various modifica-
tions to the treatment protocol have been explored including
reduced verteporfin dose and fluence settings.®*'' However,
few studies have compared the short- and long-term outcomes
of half-dose verteporfin PDT for treatment of chronic CSR.
We aim to describe the short- and long-term outcomes of half-
dose verteporfin (3 mg/m?) using standard fluence (50 J/cm?)
PDT in the treatment of chronic CSR.

Methods
Study design

This was a retrospective chart review of 45 eyes of 39 patients
who had chronic CSR treated at William Osler Health
Systems, Brampton, ON, Canada between 2008 and 2015.
Inclusion criteria included: 1) diagnosis of chronic CSR
confirmed on fluorescein angiography; 2) persistence of SRF
on optical coherence tomography (OCT) for a minimum of
3 months duration, with or without concomitant RPE detach-
ment ; 3) hyperpermeability on ICG angiography; 4) treatment
with half-dose verteporfin with full-fluence PDT. Exclusion
criteria included: previous administration of PDT and the pres-
ence of any other confounding macular disease (eg, choroidal
neovascular membrane or polypoidal choroidal vasculopathy)
that may affect visual acuity. All patients provided written
informed consent prior to initiation of any treatment. Ethics
approval was obtained from Institutional Research Board
Services, ON, Canada (ON IRB registration #1lRB00000776).
Any and all private patient information was excluded from
the database — and use of this anonymous data was approved
by Institutional Review Board services without the need to
seek another consent for use of data for research.

After disease confirmation using fluorescein angio-
graphy (FA), ICG angiography was used to define the area
of abnormal choroidal vascular permeability. Intravenous
infusion of half-dose verteporfin (3 mg/m?) for 8 minutes
was followed by 83 seconds of full-fluence PDT (50 J/m?)

using the 689 nm laser. The overall treatment spot size was
limited to the smallest circular area that would encompass the
choroidal hyperpermeability on ICG angiography, without
maximum limit to the spot size selected.

Outcomes
Baseline metrics collected included best-corrected visual
acuity (BCVA); central retinal thickness (CRT), and choroidal
thickness (CT). CRT was measured using spectral-domain
OCT (Cirrhus OCT; Carl Zeiss Meditec Inc., Dublin, CA,
USA). This was obtained manually through measuring the
distance between the inner surface of the RPE and the inner
surface of the neurosensory retina at the fovea on the horizontal
6.0 mm scan centered on the fovea. CT was manually assessed
by measuring the distance between the outer surface of the
RPE and the deepest layer of the choroidal vascular bed visual-
ized on a horizontal subfoveal spectral-domain OCT scan.
Initial follow-up was defined as a 68 week visit following
the treatment. Final follow-up was defined as the final visit on
record. At all of these examinations, the same metrics described
in the baseline visit were recorded in addition to evidence of per-
sistent SRF demonstrated on the spectral-domain OCT. Recur-
rence of CSR was defined as recurrent SRF occurring after
complete resolution of SRF during the follow-up period.

Statistical analysis

Visual acuity values were converted to equivalent logMAR.
Primary outcome was the change in BCVA at final follow-up.
Secondary measures were changes in CRT, SRF, and CT.
Continuous variables were expressed as the mean + standard
deviation. One-way repeated measures analysis of vari-
ance was used to assess changes at different time points.
Statistical analysis was performed using Minitab 17 software
for Windows, and p-values of <0.05 was considered to be
statistically significant.

Results

Baseline demographics

A total of 45 eyes from 39 patients were included in the
study, with bilateral involvement in 16% (6/39) of patients
(Table 1). The mean age was 54.9+11.7 years, and male to
female ratio was 29:10. The mean duration of active CSR
prior to treatment was 7.619.7 months. The mean period
of follow-up was 19.3+13.0 months (range 5-70 months).
Thirty-eight percent (15/39) of patients had presence of active
or inactive disease in the contralateral eye.

Primary outcome: BCVA
Mean logMAR BCVA at baseline, initial (68 week) follow-up,
and final follow-up was 0.5240.38 (Snellen equivalent =20/66),
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Table | Baseline characteristics of eyes in study

Variables N=45
Affected eye (right:left) 24:21
Mean duration of active CSR (months) 7.6 (£9.7)
Mean follow-up (mo) 19.3 (=13.0)
BCVA (logMAR, Snellen)

Baseline 0.52, 20/66
CRT (um)

Baseline 349 (£119)
CT (um)

Baseline 311 (+43)
SRF present (n)

Baseline 45

Initial follow-up I5

Final 4

Abbreviations: BCVA, best-corrected visual acuity; CRT, central retinal thickness;
CSR, central serous retinopathy; CT, choroidal thickness; SRF, subretinal fluid.

0.45+0.42 (Snellen equivalent =20/56), and 0.424+0.38
(Snellen equivalent =20/52), respectively (Figure 1). There
was a significant improvement in BCVA over the course of
follow-up (p<<0.05), with the majority of improvement seen
in the initial 6-8 weeks. Six eyes had loss of BCVA by two
or more Snellen lines at the last follow-up visit, of which
three eyes had recurrence of SRF.

Secondary outcome: anatomical

Complete resolution of SRF occurred in 67% (30/45) of eyes
at 68 week follow-up, and in 91% (41/45) of eyes at the last
follow-up (Figure 2).

Baseline mean CRT values were 349120 um (Figure 3).
There was a statistically significant reduction in CRT 0f28%
at initial follow-up (251+106 pum) and 34% at final follow-up
(229£61 um), respectively (p<<0.05).

Baseline mean CT values were 311143 um (Figure 4).
There was a statistically significant reduction in CT of 22%
at initial follow-up (242442 um) and 26% at final follow-up
(229£38 um), respectively, (p<<0.05).
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Figure | Mean BCVA at baseline and both follow-ups, showing significant imp-
rovement over time.

Note: Error bars represent standard errors of the mean.

Abbreviation: BCVA, best-corrected visual acuity.
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Figure 2 Resolution of subretinal fluid with treatment over time.
Abbreviations: PDT, photodynamic therapy; SRF, subretinal fluid.

Correlations

A comparison of initial follow-up metrics and final follow-up
metrics was conducted. There were statistically significant
correlations found between the initial follow-up and final
follow-up values for BCVA (R=0.61), CRT (R=0.65), and
CT (R=0.79), respectively (p<<0.01).

Recurrence

Eight of 45 eyes had recurrence of CSR during the follow-up
period as verified through spectral-domain OCT imaging.
Three of these eyes had bilateral disease. Treatment for
these eyes included observation (n=5), thermal laser (n=2),
and/or repeat half-dose PDT (n=1). Four of eight recurrences
resolved within the follow-up period.

Discussion
Although CSR is usually self-limiting, a subset of patients
can develop significant visual impairment. It is important
to develop a treatment protocol that best addresses the
underlying pathophysiology with minimal complications. We
report that PDT with half-dose verteporfin is an effective and
safe treatment for chronic CSR patients in the long term.
PDT was first described for treatment of CSR using
standard dosing protocols (6.0 mg/m?, 50 J/cm?) based on
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Figure 3 Mean central retinal thickness at baseline and both follow-ups, showing
significant reduction with treatment.
Abbreviation: CRT, central retinal thickness.
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Figure 4 Mean choroidal thickness at baseline and both follow-ups, showing
significant reduction with treatment.
Abbreviation: CT, choroidal thickness.

VIP/TARP trials.”'? Despite the demonstrated benefits using
full-dose PDT in the CSR population, adverse effects,
albeit rare, have been reported in the general PDT literature
including transient vision loss, transient multifocal elec-
troretinogram changes, RPE atrophy, RPE tear, secondary
choroidal neovascular membrane, choroidal ischemia, and
choroidal infarction.!" In an effort to minimize these compli-
cations, various modified PDT protocols have been explored
involving reduced verteporfin dosage, laser fluence, or a
combination of both. Studies investigating half-fluence,*!
half-dose,®!" half-fluence and micropulse,'® 1/3 dose,'
and minimal-fluence' protocols have all demonstrated
some degree of treatment effect. Half-dose verteporfin
and half-fluence treatments are the two most described
modified protocols. Previous studies that have compared
the two treatments demonstrate similar visual outcomes,
perhaps with a faster resolution in the half-dose group.'®'8

Our study further emphasizes the benefit of half-dose
PDT in the treatment of chronic CSR at improving both
functional and anatomic outcomes. We found a significant
improvement in BCVA after treatment, which was noted
in the early follow-up visit and sustained until the final
follow-up visit. This is consistent with other studies of half-
dose PDT, all of which demonstrated significant improve-
ment in visual acuity over the follow-up period, with most
patients manifesting improvement early on.'"" Compared to
these previous studies, our study cohort had lower baseline
visual acuity scores (logMAR 0.52), and lower final VA
scores (logMAR 0.42), likely an indication of underlying
RPE damage from chronic disease.

Ninety-one percent of patients in our study had complete
resolution of SRF. This was consistent with other studies
which demonstrated a range of SRF resolution of 92%-93%
with half-dose verteporfin,'*!* and 86%-91% in the half-
fluence protocol.”!® The resolution of SRF in the acute CSR

population using PDT has been reported to be slightly higher
likely on the basis of less underlying disease severity.® Regard-
less of SRF duration, these results suggest that half-dose PDT
is a viable treatment option for both acute and chronic CSR.
Nonetheless, it has been suggested that earlier intervention
may be preferred due to better vision outcomes.'!

The elimination of SRF, and the corresponding decrease in
CRT, would imply a favorable response to PDT. The final aver-
age CRT of 229 um is consistent with other reported studies in
the half-dose®!* and half-fluence®!? literature. A favorable and
robust CRT measurement after a mean of 19 months follow-up
posttreatment in our study suggests not only durability of
results but, more importantly, lack of significant induced RPE
atrophy. While RPE atrophy is a known complication of CSR,
to date there has been no reported increase in RPE atrophy with
half-dose PDT treatment compared to control patients.'!

A reduction in CT has been a demonstrated effect of
PDT in previous protocols.'*2 Qur paper further reaffirms
the statistically significant effect of half-dose PDT on CT in
patients with chronic CSR (311 pum to 229 pm). The majority
of the CT reduction occurred within the initial 6-8 weeks
(311 um to 242 pm), with a further small reduction noted at
the last follow-up (229 um).

Recurrence of disease is a known but uncommon occur-
rence post PDT. Eighteen percent of patients had recurrence
of CSR within the follow-up period. This was within a similar
range to other studies in half-dose verteporfin (18%—20%).%!!
The majority of these recurrences occurred in patients with
bilateral disease, who likely had more aggressive baseline
CSR disease. A previous study reported that patients with
recurrent or incomplete SRF absorption had a greater number
of previous CSR treatment attempts, suggesting a more
chronic refractory disease state.?

Significant correlations were identified in all outcome
metrics comparing initial follow-up and final follow-up visits.
This suggests an early and sustained response to treatment
across these functional and anatomic outcomes. The rapid
effect of PDT is in line with other studies.®!! Interestingly,
a previous study demonstrated that the rate of decline in
subfoveal CT at 1-month post PDT is most predictive of
recurrence or treatment failure.?

There are several limitations within this study. As a retro-
spective review, the lack of a control group may limit gener-
alizations and limit definitive comparisons of half-dose PDT
with other treatment modifications. Nonetheless, this does
not detract from the observations of this study cohort dem-
onstrating favorable outcomes after half-dose PDT, with safe
and durable effects noted as early as 6 weeks posttreatment.
Second, some variations did exist in the exact initial follow-up
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interval among the study cohort, with measurements rang-
ing from 6 to 8 weeks following initial treatment. While it
is unlikely these differences provided much skew to our
findings, further studies may benefit from having a more
standardized period of time for the initial follow-up. Third,
the majority of eyes did not undergo subsequent assessment
with ICG angiography or intravenous fluorescein angiography
to confirm absence or reversal of increased choroidal perme-
ability or leakage. However, given the invasiveness of this
diagnostic test, it was deemed impractical to carry this out on
patients once clinical benefit was demonstrated on OCT.

Conclusion

In conclusion, we report that half-dose PDT may be an effec-
tive treatment option for chronic CSR that is both safe and
durable. The positive treatment effect is realized rapidly,
with the initial 6-week result highly correlated with the final
follow-up result. Further clinical trials are warranted for
evaluating half-dose PDT in this population and potentially
comparing to other treatment protocols including full-dose
verteporfin and half-fluence PDT.
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