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Abstract: Photodynamic therapy (PDT) has a niche role in treating various choroidal pathologies. PDT-induced acute exudative
maculopathy (PAEM) is an uncommon complication of PDT that results in exudative retinal detachment and mild to severe decrease in
vision. Successful management strategies include observation, local or systemic corticosteroids, and intravitreal anti-vascular
endothelial growth factor (anti-VEGF) injections. Most cases return to visual acuity near baseline. This review summarizes what is
known about PAEM to date including etiology, prevalence, management strategies, and outcomes. We conclude that management of
PAEM must take into consideration various patient-specific factors. Treatment with corticosteroids or anti-VEGF agents may expedite
time to recovery, though lack of randomized controlled trials preclude firm conclusions regarding a standardized approach to managing
this complication of PDT.
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Introduction

Photodynamic therapy (PDT) is a treatment used in ophthalmology for various choroidal pathologies. Selected patients
receive an intravenous infusion of a photosensitizing porphyrin-based agent and then target lesions are exposed to a set
wavelength of light at pre-specified parameters (Figures 1 and 2). The standard full fluence technique developed in the
TAP trial involves 83 seconds of exposure to 689nm light at 50 J/cm? and an irradiance of 600mW/cm? five minutes
following a 10-minute infusion of 6mg/m? body surface area of Verteporfin (Visudyne, CIBA Vision Corp, Duluth, GA)
at previously identified target lesions in the patient’s choroid." An example of a treatment plan using indocyanine green
angiography-guided PDT to treat PCV can be found in Figure 3.

PDT underwent extensive investigation in the 1980s, initially as a novel technique used to treat malignant tumors.” Its
earliest successful application to the eye was reported in 1984 in seven patients with malignant uveal melanoma.’ PDT
was developed on the basis of using porphyrin-based intravenous solutions as photosensitizers that concentrate in tissues,
then activating the molecule using a specific wavelength of light to induce thrombosis in the target area.* Its application
to amelanotic iris melanomas was further studied in a rabbit model in 1985, and it was shown to be effective in the
treatment of preretinal neovascularization in a rabbit model in 1991.° PDT eventually underwent Phase II clinical trials in
treating subfoveal choroidal neovascular membrane (CNVM) with promising results in 1997.” The TAP trial further
demonstrated the benefit of PDT in patients with neovascular age-related macular degeneration (nAMD) with a
predominantly classic form of CNVM.! Ophthalmologic application of PDT typically stems from protocols developed
from the TAP trial and the verteporfin in PDT (VIP) study group.® A half fluence energy application (25 J/cm?) has been
favored in recent investigations and clinical practice, and is particularly well-studied in central serous chorioretinopathy
(CSCR)*'° due to an association with better vision retention and lower risk of severe and permanent vision loss from

macular ischemia.'

Clinical Ophthalmology 2022:16 3145-3154 3145
Received: 28 April 2022 © 2022 Sumnicht et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT Php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 31 August 2022
Published: 27 September 2022

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0004-9416
http://orcid.org/0000-0003-3752-2390
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Sumnicht et al Dove

Verteporfin Laser administration to
Neovascular membrane
ocH, perfused with Verteporfin
OCH, .

R=CHj and R'=H or
R=H and R'=CHj

S
Activation "N\, +

IV Administration \\\.
of Verteporfin i ] )

in
Thrombosis a4

| Regression of membrane without damage
to overlying retina

Figure | Visual depiction demonstrating the use of photodynamic therapy in the eye. Verteporfin is a photosensitizing molecule administered intravenously, after which
689nm light is focused on target lesions leading to localized thrombosis and consequently regression of exudative pathology originating at the level of the choroid.

PDT has been a key treatment in the setting of pachychoroid conditions and benign vascular intraocular tumors by
itself or in combination with anti-vascular endothelial growth factor (VEGF) intravitreal injections.'>'* PDT has
demonstrated efficacy in the treatment of a variety of conditions including CSCR, polypoidal choroidal vasculopathy
(PCV), nAMD, choroidal hemangioma, retinal capillary hemangioma, and CNVM related to pathologic myopia.'-'"'417

In particular, the use of PDT in the treatment of PCV has been the subject of intense scrutiny over the last decade as
this condition’s prevalence across demographic groups and misidentification as typical nAMD were increasingly
recognized.'® ?! The LAPTOP study showed superior visual outcomes using intravitreal ranibizumab given monthly
for 3 months followed by pro re nata (PRN) dosing compared with PDT treatments alone in patients with PCV."?
Combination therapy was evaluated in the EVEREST I and EVEREST II studies, which demonstrated a superior
response to PRN intravitreal ranibizumab in combination with PDT compared to PRN ranibizumab alone in terms of
both polyp regression, as well as visual acuity.'**? In contrast, there was an 85% rate of improved vision in the PLANET
study where PCV was treated with treat and extend intravitreal aflibercept alone, and there was no clear benefit to using
PDT as rescue therapy when injections failed.*®
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Figure 2 Graphic depiction of light focused on a choroidal neovascular membrane in the application of photodynamic therapy.

PDT carries a risk of three to five days of photosensitivity along with the possibility of nausea, dry eye, flank pain and
joint pain. Vision-threatening complications of PDT include choroidal ischemia, RPE tear, RPE atrophy, secondary
CNVM, subretinal hemorrhage, and PDT-induced acute exudative maculopathy (PAEM).24’25

PAEM is a complication that is uncommonly reported, though when it does occur may result in a significant acute
decrease in visual acuity. PAEM has been fairly well discussed in the literature, though many studies are descriptive, and
reports focused on treatment of PAEM are low in power due to the low prevalence of the condition. This review aims to
discuss what is known about PAEM, outcomes of treatments for PAEM in the literature, and calls for future investigation
on the topic of PAEM.

PDT-Induced Acute Exudative Maculopathy
PAEM is described as a transient increase in subretinal fluid within the first several days following PDT, usually detected
when the patient experiences an acute decrease in vision following treatment. It is proposed that increased subretinal
exudation following PDT occurs via excessive action of its intended mechanism. An acute increase in subretinal exudation
one day following PDT in a patient with PCV can be seen in Figure 4. Schmidt-Erfurth et al demonstrated that PDT
obliterates vessels in the choriocapillaris in the treatment areas through an inflammatory and pro-thrombotic mechanism.®
Cytokines including VEGF and reactive oxygen species are released and lead to increased local vascular permeability,
thrombosis with subsequent ischemia and further inflammation (Figure 5).2°2® It has also been proposed by Husain et al
that PDT causes retinal pigment epithelium pump dysfunction which can further exacerbate fluid accumulation.*’
Following treatment of PAEM, histopathologic analysis and optical coherence tomographic angiography (OCT-A)
provide evidence of recanalization of blood vessels following PDT that is complete between one week and one month.¢-*
This may be one mechanism by which resolution of subretinal fluid resolves with observation alone in some reports.
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Figure 3 Indocyanine green angiography with an overlay of the treatment spot size plan for photodynamic therapy in a treatment-naive 73-year-old Filipina with polypoidal
choroidal vasculopathy. She underwent half-fluence treatment (25 J/cm?, 300 mW/cm?) 5 minutes after 9mg/4.5mL Visudyne infusion over ten minutes with six spots ranging
from 1.5 to 6.5mm at power ranging from 5 to 100mW, each with 83 seconds of exposure time.

Prevalence and Disease Characteristics

PAEM occurs in an estimated 1.4-30.4% of patients treated with PDT.**-**37 It has been reported to occur in the setting
of chronic CSCR, choroidal hemangioma, retinal capillary hemangioma, CNVM, nAMD, and PCV with the highest
incidence reported in CSCR (30.4%) followed by PCV (8.45%) and nAMD (6.67%).'7*°3%3¢ In a 2020 report,
Manayath et al described the risk factors for PAEM in a large cohort of 177 PDT treatments in 155 eyes. These include
age over 65 years, PCV, spot size >3.5 mm, pre-treatment best corrected visual acuity (BCVA) 20/40 or better, first time
treatment and reduced-fluence PDT.** However, it must be noted that although only 1/8 patients with PAEM in this study
received full-fluence treatment, the lack of reported baseline data regarding how many total patients in this cohort were
treated with standard-fluence PDT, as well as the relative rarity of standard-fluence treatments today compared with
reduced-fluence treatments allows for the possibility that PAEM may be as common or more common in full-fluence
PDT. A 2022 study by Fernandez-Vigo et al examined these risk factors in 92 eyes of 75 patients with CSCR, all treated
with half-fluence PDT and a spot size of 4 mm + 500 um and found no statistically significant risk factors for developing
PAEM in their cohort.*® They did report that PAEM was associated with worse baseline VA and flow voids on OCT-A,
and that there was no association with axial length or subfoveal choroidal thickness.

Criteria for diagnosis of PAEM has not been established, therefore the incidence may be over- or under-stated in the
literature depending on tomographic values established by authors. Authors rely primarily on OCT to establish diagnosis,
though with varying criteria. Manayath et al noted PAEM to be diagnosed at a mean of 2.9 days with mean central
macular thickness (CMT) increase of 253 um beyond baseline, though they did not establish criteria for diagnosis beyond
describing an increased CMT from pre-PDT measurement in the setting of clinically worsening vision or examination
findings.** Fernandez-Vigo et al used a CMT increase of 50 pum at three days post-PDT to define PAEM in CSCR
patients, with decreasing incidences reported at thresholds of 100 and 200 um increased CMT.*’ In this cohort, 25% of
patients with PAEM had a CNVM compared with 8.4% of the control group.>’ The extraordinarily high incidence of

3148 e Clinical Ophthalmology 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Sumnicht et al

Figure 4 Patient from Figure 3 with a diagnosis of polypoidal choroidal vasculopathy. (A) Fundus photograph and (B) optical coherence tomography (OCT) of the macula of
the right eye prior to photodynamic therapy (PDT). (C) Fundus photo one day after PDT. A blunted foveal reflex consistent with subretinal fluid is present. (D) OCT of the
macula one day after PDT demonstrating severe serous retinal detachment, at which point treatment was initiated with | mg/kg oral prednisone daily. (E) OCT of the macula
of the right eye with improvement in subretinal fluid at day 8. | cc of 40mg/cc Kenalog was injected into the sub-tenon space at this visit. (F) OCT of the macula of the right
eye demonstrating resolved subretinal fluid at day 16 after PDT.

PAEM in CSCR reported here (30.4%) compared to Manayath et al (1.19%) is likely explained by the low CMT
threshold for diagnosing PAEM, as well as the use of a large spot size (4 mm + 500 pm) in all patients. Based on this
definition of PAEM, similar recovery was noted in the patients with PAEM versus the control group using observation
alone at one and three month follow up.’” Di Nicola et al report a “PDT-related transient exudative response” in 4/17
(24%) of eyes with retinal hemangioblastomas treated with PDT, without reported CMT or initiation of any treatment
beyond observation.'> Therefore, further observational studies in patients receiving PDT for any indication along with
well-defined criteria and/or staging for PAEM will be useful in elucidating the true incidence in various conditions. It is
reasonable to speculate that many patients may have a small increase in CMT after PDT that is not visually significant,
but they are not being captured because it is not standard practice to perform OCT within three days of PDT in
asymptomatic patients.

OCT-A is less accessible than OCT, though may be useful in diagnosing and monitoring PAEM. A localized
darkening on OCT-A, described as a flow void, occurs in the choriocapillaris at the treatment area of PDT. An early
increase in flow voids beyond the target treatment may occur at a higher rate in patients who develop PAEM.?’
Recanalization of these flow voids is proposed to occur by one month following treatment and may be correlated to

resolution of subretinal fluid.?¢3¢37
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Figure 5 Graphic representation of the biochemical changes involved in photodynamic therapy. A photosensitizer drug is activated by a specific wavelength of light which
leads to production of reactive oxygen species (ROS). These ROS lead to thrombosis and therefore local ischemia and necrosis of the offending blood vessels.

In a fluorescence pharmacokinetics study by Debefve et al, aspirin was co-administered with verteporfin in chicken
embryos to assess the effects of cyclo-oxygenase inhibition on vascular permeability following PDT. Enhancement of
vascular leakage was found in this setting, representing another possible risk factor in patients taking aspirin or similar
medications.>® Further study is warranted to identify medications that may increase risk of developing PAEM.

Prognosis

A review of diagnosed and treated cases of PAEM can be found in Table 1. The degree of acute vision loss from PAEM
has been reported to be as mild as 20/30 to as severe as no light perception vision following PDT. Resolution of
exudative retinal detachment has been documented to occur within two to six weeks for most cases with a final Snellen
equivalent of 20/60 BCVA or better in most cases, and most cases resolve near pre-PDT BCVA with resolution of
subretinal fluid. One outlier case of PAEM in the setting of retinal capillary hemangioma was noted to require vitrectomy
as part of treatment and a total period of one year to recover from no light perception to 20/500 BCVA.'” Fernandez-Vigo
et al observed that all patients meeting their criteria for PAEM had similar recoveries using observation alone, except for
the patients who had CNVM diagnosed by OCT-A who received an anti-VEGF injection.

Management Strategies

Due to the underlying etiology of PAEM, it has been recommended that the treatment of complications arising from PDT
be aimed at targeting inflammation.>® This seems to be the rationale for the use of periocular and systemic steroids in
PAEM.?** Steroids administered systemically allow for the greatest concentrations in the choroidal circulation which is
the site of this pathology in PAEM. However, in the setting of pachychoroid conditions there is a reported association
between endogenous steroid concentrations and pathologic thickening of the choroid.*® Treatment of PAEM involving
systemic steroids should be weighed in light of the potential for disease exacerbation and systemic side effects, though
ease of discontinuation of systemic steroids is an advantage over periocular or intraocular administration. Studies of
suprachoroidal administration of triamcinolone have led to recent Food and Drug Administration (FDA) approval of this
route, which may allow for better access to the site of pathology in PAEM with a better side effect profile than other

3150 s Clinical Ophthalmology 2022:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

a0

91:720T ASojoweyaydQ [eaud

isdpy

ISI€

Table | Comparison of Treatments Used for Photodynamic Therapy-Induced Acute Exudative Maculopathy (PAEM)

Study Year of Number of Treatment Condition | Pre-PDT* BCVAT | Time to Resolution Post-PDT* Postresolution
Publication Patients (Snellen of Exudative BCVAT (Snellen BCVA (Snellen
Evaluated Equivalent) Detachment Equivalent) Equivalent)
Al-Awadi A et al*® 2017 | Observation CSCR 20/50 2 months 20/100 20/40
Chakurkar R et al®' 2019 | Intravitreal bevacizumab Choroidal 20/25 I month 20/30 20/25
hemangioma
Figurska M et al*? 2011 [ Intravenous nAMDS? 20/40 | month 20/120 20/80
methylprednisolone
STTA?
Mammo Z & 2017 52 Topical difluprednate nAMD 20/60 2 weeks 20/150 20/60
Forooghian F*? Intravitreal bevacizumab Cscrf 20/50 | month 20/60 20/40
Manayath GJ et al** 2020 141 Intravitreal Occult 20/30 5 weeks 20/80 20/40
bevacizumab, CNVM'"
triamcinolone
Intravitreal ranibizumab PCV** 20/30 3 weeks 20/600 20/30
Intravitreal PCV 20/120 3 weeks 20/300 20/120
bevacizumab,
dexamethasone,
aflibercept
Intravitreal ranibizumab, PCV 20/30 4 weeks 20/40 20/30
aflibercept
Intravitreal ranibizumab, PCV 20/30 5 weeks 20/200 20/40
bevacizumab
Intravitreal bevacizumab CSCR 20/40 6 weeks 20/120 20/40
Intravitreal ranibizumab, PCV + 20/30 5 weeks 20/120 20/60
aflibercept, ozurdex CSCR
Intravitreal aflibercept PCV + 20/40 6 weeks 20/300 20/30
CSCR
Kim HM et al'’ 2015 | Vitrectomy, intravitreal Retinal 20/1000 | year No light perception 20/500
bevacizumab capillary
hemangioma
Sumnicht A et al*® 2021 | Oral prednisone, STTA PCV 20/30 16 days 20/400 20/40

Abbreviations: *PDT, photodynamic therapy; TBCVA, best corrected visual acuity; *STTA, sub-Tenon triamcinolone acetonide; SnAMD, neovascular age-related macular degeneration; ICSCR, central serous chorioretinopathy; 'CNVM,
choroidal neovascular membrane; **PCV, polypoidal choroidal vasculopathy.
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options for intraocular treatment.*'**> Figure 4 demonstrates resolution in subretinal fluid in a patient with PAEM in the
setting of PCV managed with oral steroids and sub-Tenon triamcinolone acetonide.

Anti-VEGF administration has also been employed for the treatment of PAEM,'”'-*3-** and is reasonable considering
reports of elevated VEGF expression in the setting of PDT-induced ischemia.”® This treatment may reduce the time to
resolution of subretinal fluid and visual recovery compared to observation (Table 1), though reports directly comparing
these options are not available. Precaution is advised for the use of anti-VEGF agents in patients at high risk for
arteriothrombotic events as systemic anti-VEGF levels are known to increase following intravitreal injection of these
agents.“y‘5

Lastly, observation has been shown to be an effective management strategy particularly specific to PAEM in the
setting of CSCR.**?¢ This strategy has not been reported in other conditions, though given the evidence of vascular
recanalization following PDT in one to four weeks and a recovery period that is similar between PAEM in CSCR and the

other described conditions,®’

it is unclear whether adding treatment with anti-VEGF or corticosteroids provides a true
benefit over observation alone.

Data describing the various treatments of this rare complication are limited, precluding firm conclusions regarding
relative safety and efficacy of each option. With respect to safety, high dose systemic steroids are not innocuous,
especially in patients with underlying systemic co-morbidities such as hypertension, which has a known association with
PCV.*® The risks should be carefully weighed in all patients prior to initiation of systemic steroids due to the multitude of
systemic side effects, particularly in cases in which there may be little clear benefit to the patient. Use of topical
difluprednate mitigates this risk, and hourly application led to resolution of PAEM after very minimal fluence (12 J/cm?)
PDT treatment of nAMD in a case described by Mammo and Farooghian.** The risk-benefit ratio of systemic steroids

compared to other treatment modalities is not well-defined, and further study in this area is warranted.

Conclusion

PDT is a generally safe and effective treatment for various choroidal pathologies. Despite the advent of anti-VEGF
intravitreal injections, PDT still has a significant role in clinical practice today. Clinicians that use PDT should be aware
of the incidence, risk factors, and management strategies for PAEM should it arise in their patients. Criteria, staging, and
best practice guidelines for PAEM should be developed by professional societies to aid in diagnosis and management of
this complication. PAEM should be monitored with serial OCT, examinations, and OCT-A if available until resolution of
exudation is achieved. Further studies are needed to better elucidate incidence of PAEM in various conditions and to
assess the true efficacy of treatment versus observation alone.

Abbreviations

PCYV, polypoidal choroidal vasculopathy; nAMD, neovascular age-related macular degeneration; ICGA, indocyanine
green angiography; OCT, optical coherence tomography; PED, pigment epithelial detachment; PDT, photodynamic
therapy; VEGF, vascular endothelial growth factor; PAEM, PDT-induced acute exudative maculopathy; STTA, sub-
Tenon triamcinolone acetonide; BCVA, best corrected visual acuity; mg, milligrams; CSC, central serous chorioretino-
pathy; CNVM, choroidal neovascular membrane; BCVA, best corrected visual acuity; pm, micrometers; OCT-A, optical
coherence tomographic angiography; CMT, central macular thickness; mm, millimeters.
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