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A combination therapy of half-dose verteporfin photodynamic
therapy and intravitreal injection of ranibizumab for chronic
central serous chorioretinopathy

Yasin TOKLU, Hasan Basri CAKMAK, Miicella ARIKAN YORGUN, Sule Berk ERGUN, Saban SIMSEK

Aim: To study the combination treatment consisting of half-dose verteporfin photodynamic therapy (PDT) and an
intravitreal injection of ranibizumab as a potential treatment for patients with chronic central serous chorioretinopathy
(CSC).

Materials and methods: Six eyes of 6 patients were studied with fundus examination, fluorescein angiography, and
optical coherence tomography to diagnose the maculopathy, monitor the detachments, and localize the choroidal
hyperpermeability of the disorder. Half-dose verteporfin PDT was applied to areas of choroidal hyperpermeability and,
the following day, 0.5 mg/0.05 mL ranibizumab was injected intravitreally. The patients were observed to determine the
anatomic and functional outcomes.

Results: The combination therapy consisting of half-dose verteporfin PDT and intravitreal injection of ranibizumab
was associated with complete resolution of the exudative macular detachments in all of the patients. Vision improved
in the 6 eyes and remained unchanged during the follow-up examinations, for at least more than 6 months. At 4 weeks
after treatment, the best corrected visual acuity had improved to 20/20 in 5 of the cases. None of the patients had any
treatment-related side effects.

Conclusion: The combination therapy consisting of half-dose verteporfin PDT and intravitreal injection of ranibizumab
seems to result in the resolution of exudative detachments in patients with chronic CSC. This treatment caused a rapid
reduction in subretinal fluid and improvement in visual acuity. Although the follow-up time and the number of patients
in this study were limited, the encouraging results and lack of complications suggest the value of further study.
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Kronik santral seroz korioretinopatide kombine yarim doz verteporfirin
fotodinamik tedavi ve intravitreal ranibizumab enjeksiyonu

Amag: Kronik santral seroz korioretinopati (SSKR) tedavisinde yarim doz verteporfirin fotodinamik tedavisi ve
intravitreal ranibizumab enjeksiyonu kombine tedavisini degerlendirmek.

Yontem ve gereg: Alt1 hastanin 6 gozii ¢aligmaya alindi. Makulopati tanisini koymak, dekolmani géstermek ve koroidal
hiperpermeabiliteyi lokalize etmek amaciyla fundus muayenesi, floresein anjiografi, optik koherens tomografi kullanild.
Yarim doz verteporfirin fotodinamik tedavisi koroidal hiperpermeabilite alanlarina uygulandi ve ertesi giin 0,5 mg/0,05
mL ranibizumab intravitreal olarak enjekte edildi. Hastalar anatomik ve fonksiyonel sonuglar1 belirlemek amaciyla takip
edildi.

Bulgular: Yarim doz verteporfirin fotodinamik tedavisi ve intravitreal ranibizumab enjeksiyonundan olusan kombine
tedavi, eksudatif makula dekolmaninin tamamen rezorbsiyonunda tiim hastalarda etkili bulundu. Gérme keskinligi
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6 hastada da artmis olarak bulundu ve en az 6 aylik takiplerde degismedi. Tedaviden 4 hafta sonra 1 hasta diginda
tim hastalarda en iyi diizeltilmis gérme keskinligi 20/20 seviyesine yiikseldi. Tedaviye bagl higbir hastada yan etki

gortlmedi.

Sonug: Yarim doz verteporfirin fotodinamik tedavisi ve intravitreal ranibizumab enjeksiyonundan olusan kombine
tedavi kronik SSKR hastalarinda eksudatif dekolmanin ¢oziilmesinde etkin gorillmiistiir. Bu tedavi subretinal sivinin
hizli azalmasina ve gorme keskinliginin diizelmesine neden olmaktadir. Bu ¢aligmada takip siiresi ve hasta sayisi az
olmakla birlikte, komplikasyonlarin azlig1 ve cesaret verici sonuglar daha genis, prospektif ve randomize ¢alismalari

gerektirmektedir.

Anahtar sozciikler: Santral serdz korioretinopati, intravitreal ranibizumab, fotodinamik tedavi

Introduction

Central serous chorioretinopathy (CSC) is
characterized by an idiopathic circumscribed serous
retinal detachment that is usually confined to the
posterior pole, caused by leakage of fluid through
the retinal pigment epithelium (1). It is a well-
characterized disorder leading to serous neurosensory
elevation of the retina. The acute form of the disease
is associated with focal leakage at the level of the
retinal pigment epithelium (RPE) demonstrated with
fluorescein angiography (FA), and hyperpermeability
of the choroid demonstrated with indocyanine green
angiography (2). The disorder is self-limited in the
majority of patients, who usually retain excellent
vision. On the other hand, in some cases, CSC shows
widespread alteration of pigmentation of the RPE
in the posterior pole, which appears to be related to
the chronic presence of subretinal fluid. This variant
of CSC has been termed “diffuse retinal pigment
epitheliopathy” or “chronic CSC” (3).

Recently, photodynamic therapy (PDT) with
verteporfin has been used for treating CSC,
and studies have demonstrated beneficial visual
outcomes in most patients (4-10). The mechanism
of action of PDT for treating CSC is not known,
but it is postulated to be caused by short-term
choriocapillaris  hypoperfusion and long-term
choroidal vascular remodeling, leading to a reduction
in choroidal congestion, vascular hyperpermeability,
and extravascular leakage (11,12). However, PDT
can cause some potential complications such as RPE
atrophy, choroidal ischemia, and secondary choroidal
neovascularization (CNV) (13). Because patients
with CSC usually have relatively good baseline visual
acuity, it is important that the extent of the retinal
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toxicity be limited to minimum during treatment
while not losing the treatment effects. After reducing
the dose of verteporfin and altering the timing of the
infusion and laser application, it was reported that
the potential retinal damage caused by PDT could be
minimized while not lowering treatment efficacy in
the treatment of chronic CSC (14,15).

Both the side effects related to PDT and the
occurrence of recurrence after PDT compel the
need for other treatment modalities. Antibodies to
vascular endothelial growth factor (VEGF) have
known antipermeability properties and therefore
may theoretically reverse the changes seen in CSC.
Mitzy et al. (16) reported that intravitreal injection of
bevacizumab was associated with visual improvement
and reduced neurosensory detachment without
adverse events in patients with CSC. Moreover,
PDT was shown to induce a rapid inflammatory
response, including infiltration of leukocytes and
increased expression of cytokines (e.g., intracellular
adhesion molecule (ICAM)-1 and interleukin (IL)-6)
(17). Half-dose verteporfin therapy combined with
intravitreal injection of VEGF inhibitors is expected
to induce fewer angiogenic and inflammatory side
effects on the level of the choroid. We postulated that
reducing the dose of verteporfin and the addition
of intravitreal ranibizumab might minimize the
potential retinal damage caused by PDT, while at the
same time having sufficient therapeutic effects on
the choroidal vasculature required for treating CSC.
The aim of this study was to evaluate the short-term
efficacy of a safety-enhanced PDT protocol with
half-dose verteporfin combined with intravitreal
ranibizumab injection in the treatment of chronic
CSC.
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Materials and methods

Patients with a diagnosis of CSC with a history of
decreased visual acuity for more than 3 months
were included in the study. All of the patients
had an idiopathic neurosensory retinal elevation
demonstrated by optical coherent tomography (OCT)
(RTVue; Optovue Inc., Fremont, CA, USA) and had
the presence of focal leaks at the level of the RPE on
FA. Patients who received previous PDT for chronic
CSC or had evidence of CNV on FA were excluded.
Patients underwent a detailed informed consent
process, with special attention given to the known
side effects of systemic bevacizumab administration,
and they were excluded from treatment if they had
a significant cardiovascular or thromboembolic
history or were pregnant.

The safety-enhanced PDT protocol for CSC was
performed using half the normal dose of verteporfin
(Visudyne; Novartis AG, Biilach, Switzerland), that
is, 3 mg/m? verteporfin, with the rationale that using
a lower dose has less severe collateral damage eftects
to the retina and choroids (14). Verteporfin was
infused over 10 min, followed by the delivery of a
laser at 689 nm at 15 min from the commencement
of infusion to target the area of choroidal dilation
and hyperpermeability. A total light energy of 50 J/
cm? over 83 s was delivered to the area of choroidal
hyperperfusion, as observed in fundus FA. To avoid
overtreatment of the choroidal vasculature and
choroidal ischemia, the laser spot size was set at a
maximum of 4500 um. After treatment, all of the
patients were given protective spectacles and were
instructed to avoid strong light for 3 days.

All of the patients were treated only once atbaseline
and no other treatment, including additional PDT
or laser photocoagulation, was performed during
the 12-month follow-up. All patients received an
intravitreal injection of 0.5 mg/0.05 mL ranibizumab
(Lucentis®; Novartis, Basel, Switzerland) under
standard protocol conditions 1 day after the PDT
treatment. Each patient underwent best corrected
visual acuity measurements with Snellen charts,
slit-lamp examination, dilated retinal fundoscopy,
and OCT and FA at the baseline and follow-up
examinations. The demographic details, duration of
symptoms, number of CSC episodes pre-PDT and
post-PDT, best corrected visual acuity (BCVA), and
OCT findings of the 6 cases in the study are shown
in the Table.

Case reports
Case 1

A 34-year-old male with a history of 3 recurrent
CSC episodes and visual acuity of 20/32 in the right
eye presented with 4 months of new symptoms,
including decreased vision and metamorphopsia.
Ophthalmologic examination revealed neurosensory
elevation of the central macula, and FA showed a
focal RPE leak inferior to the fovea. OCT revealed an
RPE detachment that involved the fovea. The foveal
thickness was measured as 327 um. A combination
treatment of PDT and intravitreal ranibizumab was
given. Visual acuity had improved to 20/20 at 1 month
after treatment with improvement of both fluorescein
leakage and neurosensory detachment. No changes
were observed at the 6-month follow-up (Figure 1).

Table. The demographic details, duration of symptoms, number of CSC episodes pre-PDT and post-PDT, BCVA, and OCT findings of
6 cases in the study. *SRF: subretinal fluid, PED: pigment epithelial detachment.

Baseline OCT foveal

. Duration of No. of . BCVA at 1 . Baseline OCT
Patient Baseline OCT foveal thickness )
Age Sex Eye symptoms CSC month . anatomical
No. . BCVA thickness at 1 month .
(months) episodes post-PDT findings*
(pm) (pm)
1 34 Male Right 4 3 20/32 20/20 327 185 SRF + PED
2 45 Female Right 11 1 20/32 20/25 776 167 SRF + PED
3 54 Male Left 5 1 20/32 20/20 273 126 SRF + PED
4 40 Male Left 12 1 20/50 20/20 529 234 SRF + PED
5 43 Female Right 6 1 20/40 20/20 403 176 SRF
6 38 Male Left 4 1 20/50 20/20 192 174 SRF + PED
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Figure 1. Right eye of a 34-year-old male with recurrent chronic CSC for 4 months, who received safety-enhanced PDT with half-dose
verteporfin and intravitreal ranibizumab injection. The baseline BCVA was 20/32 in the right eye. Early-phase (A) and late-
phase (B) FA images obtained at baseline show the leakage pattern of fluorescein with a mild window defect superior to the
fovea. The baseline OCT image (C) shows the presence of subretinal fluid involving the fovea. At 1 month after treatment,
the BCVA improved to 20/20. Early-phase (D) and late-phase (E) FA images demonstrate the absence of fluorescein leakage
at the macula, with a mild window defect superior to the fovea. The OCT image (F) obtained at 1 month shows the complete
resolution of the subretinal fluid. No changes were observed at the 6 month follow-up in the early-phase (G) or late-phase (H)

FA images or in the OCT image (I).

Case 2

A 45-year-old female with a visual acuity of 20/32 in
the right eye presented with 11 months of decreased
vision and metamorphopsia. Examination revealed
neurosensory elevation of the central macula, and
FA showed a focal RPE leak that involved the fovea.
OCT revealed an RPE and neurosensory detachment
through the fovea. Visual acuity had improved
to 20/25 at 1 month after combination treatment
with improvement of both fluorescein leakage and
neurosensory detachment. At the 6-month follow-up,
no neurosensorial retinal detachment or fluorescein
leakage was observed (Figure 2).
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Case 3

A 54-year-old male presented with complaints of
decreased visual acuity in the left eye for 5 months
and excessive discomfort with visual acuity that
interfered with his daily activities. The best corrected
visual acuity was 20/32. FA revealed a focal RPE
leak just temporal to the fovea with surrounding
neurosensory detachment, confirmed by OCT.
Moreover, the OCT revealed RPE and neurosensory
detachment adjacent to and including the fovea.
Visual acuity had improved to 20/20 at 1 month after
treatment with concurrent resolution of symptoms,
fluorescein leakage, and RPE and neurosensory
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Figure 2. Right eye of a 45-year-old female with acute CSC for 11 months, who received safety-enhanced PDT with half-dose verteporfin
and intravitreal ranibizumab injection. The baseline BCVA was 20/32 in the right eye. Early-phase (A) and late-phase (B) FA
images obtained at baseline show pinpoint leakage with fluorescein leakage involving the fovea. The baseline OCT image (C)
shows subretinal fluid involving the fovea. At 1 month after treatment, the BCVA improved to 20/20. Early-phase (D) and
late-phase (E) FA images demonstrate the absence of fluorescein leakage at the macula. The OCT image (F) obtained at 1
month shows a normal foveal depression with resolution of subretinal fluid. No changes were observed at the 6-month follow-
up in the early-phase (G) or late-phase (H) FA images or in the OCT image (I).

detachment. At the 6-month follow-up, results for
visual acuity, OCT, and FA were unchanged.

Case 4

A 40-year-old male presented with a 12-month history
of decreased visual acuity in his left eye. At the time
of presentation, visual acuity was 20/50. FA revealed
a focal RPE leak near the fovea with surrounding
neurosensory detachment confirmed by OCT, which
was treated with a combination treatment of PDT
and intravitreal ranibizumab. Visual acuity had
improved to 20/20 at 1 month after treatment with
decreased neurosensory detachment demonstrated
by OCT and improvement in symptoms. At the 3-
and 6-month follow-ups, no subretinal fluid was
observed by OCT.

Case 5

A 43-year-old female with a history of CSC
complained of worsened vision and central scotoma
in the left eye for 6 months. Visual acuity at the time
of presentation was 20/40. Fluorescein angiography
revealed a focal RPE leak just superior to the
fovea with surrounding neurosensory detachment
confirmed by OCT. Visual acuity had improved to
20/30 at 1 month after intravitreal ranibizumab,
with reduction of fluorescein angiographic leakage
and resolution of neurosensory detachment on
OCT. At the 3- and 6-month follow-ups, visual
acuity had improved to 20/20; there was resolution
of the fluorescein leakage, but persistent atrophy of
RPE was observed.
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Case 6

A 38-year-old male presented with a 4-month history
of decreased visual acuity in his left eye. In his first
ophthalmological examination, visual acuity was
20/50. The FA showed a focal RPE leak near the
fovea with surrounding neurosensory detachment
confirmed by OCT, and this was treated with a
combination treatment of PDT and intravitreal
ranibizumab. Visual acuity had improved to 20/20
at 1 month after treatment with resolution of
neurosensory detachment demonstrated by OCT and
improvement in symptoms. At the 3- and 6-month
follow-ups, no subretinal fluid was observed by OCT.

Discussion

Persistent subretinal fluid causes a decrease in visual
acuity in CSC. Especially in chronic CSC, progressive
chorioretinal deterioration can produce severe and
irreversible visual loss (18-20). Various treatment
methods, including thermal laser photocoagulation
and pharmacological agents, including B-blockers,
acetazolamide, and ketoconazole, have been
attempted for treating CSC. However, these treatment
modalities did not affect the duration of symptoms,
the recurrence rate, or the final visual acuity (21).

PDT is emerging as a new treatment modality for
chronic CSC. Recently, a small number of studies
have examined its use in the treatment of chronic CSC
(4-7,9,15). Yannuzzi et al. (7) reported that 60% of
patients had complete resolution of subretinal fluid.
Moreover, Cardillo Piccolino et al. (6) and Taban et al.
(9) reported that patients with chronic CSC showed
a marked reduction in subretinal fluid and improved
visual acuity. Patients in the 3 studies described
above were given verteporfin in doses of 6 mg/m> In
a more recent study, Chan et al. (15) reported the use
of half-dose (3 mg/m?®) verteporfin for treatment of
chronic CSC, and 90% of the patients had complete
resolution of serous detachment at 12 months. The
results of these studies support the idea that PDT
appears to be an effective means of treating chronic
CSC, allowing for reduction or resolution of chronic
fluid leakage and subretinal fluid accumulation and
stabilization or improvement in visual acuity.

The primary effect of PDT seems to be damage
of the choriocapillaris endothelium: mainly

686

swelling, fragmentation, detachment from its
basement membrane, and degeneration (12). The
vascular endothelial damage is caused by the direct
interaction of singlet oxygen with the lipids of the
endothelial cytoplasmic membranes. Recanalization
of the choriocapillaris begins to occur within a
short interval after doses of therapy. Yannuzzi et al.
(7) reported that reperfusion of the choriocapillaris
begins as early as 2 or 3 weeks after PDT treatment;
some slow perfusion exists in some patients for up to 3
months. A significant clinical or functional alteration
in the RPE and neurosensory retina does not appear
to occur. However, the application of conventional
PDT in CSC is not without its complications, as
the development of RPE atrophy, choriocapillaris
ischemia, and secondary CNV have also been
reported after PDT for chronic CSC (8). Moreover,
clinical, electrophysiological, and laboratory studies
have also demonstrated that transient reduction in
macular function may develop following PDT with
conventional verteporfin dosage and laser fluence
(22,23). Modifying the therapy to obtain the maximal
treatment effect with minimal toxicity is crucial
in treating patients with CSC since these patients
usually have relatively good baseline visual acuity.

PDT was shown to induce a rapid inflammatory
response including infiltration of leukocytes and
increased expression of cytokines [e.g., ICAM-1
and IL-6] (17). This inflammatory response may
counteract the benefits of PDT treatment, causing
recurrences or development of choroidal neovascular
membranes. Given that PDT causes closure of the
choriocapillaris (inducing ischemia) when applied
in cases of CSC, it is not surprising that VEGF
is upregulated in regions where PDT has been
applied. It has been shown that CNV is induced by
overexpression of VEGF (24). In fact, PDT using
verteporfin has been shown to induce a reproducible
angiogenic response in human eyes: VEGE, VEGF
receptor 3, and pigment epithelium-derived factor
expression are enhanced after PDT (25). Choroidal
endothelial cells appear to be the primary site of
angiogenic stimulation, which is why treatments
aiming to controlling inflammatory reactions after
PDT treatments are expected to have higher success
rates. Additionally, reduced levels of VEGF may
ameliorate the choroidal hyperpermeability in CSC.
Recent studies showed that intravitreal anti-VEGF
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monotherapy for the treatment of CSC was safe
and effective, providing functional and anatomic
benefits (16,26-30). Therefore, anti-VEGF therapy
in combination with PDT treatment may provide
additional benefit in such cases.

There are several limitations in this study,
including the small number of patients, the short
follow-up, and the fact that we included various forms
of CSC. There are also no data available to support or
refute the proposed mechanism of action. This study
is a retrospective case series and several large-scale
studies are needed for more clear conclusions.

We do not know the mechanism by which
intravitreal ranibizumab effects CSC, but it may be
related to its ability to affect vascular permeability
and/or inflammatory reactions developing after
PDT. In addition, no study has reported VEGF levels
in patients with CSC. For this reason, the effect of
intravitreal ranibizumab in CSC remains speculative.

Although the use of a combination of PDT with
intravitreal ranibizumab injection for treating CSC
is a rational and attractive concept, its benefits,
based on this study, are not conclusive. The number
of patients treated in the current study was small,
and the follow-up period was limited. Although
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