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Purpose:  To examine the potential long-term benefit of an anti-VEGF/photodynamic therapy 

(PDT) combination on patients treated for wet age-related macular degeneration (AMD).

Methods: A retrospective chart review was conducted on 29 eyes (subjects) from 26 patients 

(eight male and 18 female) that showed sustained, positive response to combination therapy 

for exudative AMD for a minimum of 1 year. Collected data included: visual acuity, central 

retinal thickness, intraocular pressure and history of glaucoma, wet AMD onset and treatment 

history, concomitant use of anticoagulants and past history or development of cerebrovascular 

or cardiovascular disease while receiving combination therapy. 

Results: Subjects underwent an average of five injections and two PDT treatments in total over 

16 months before the choroidal neovascular membrane (CNVM) stabilized and became inactive 

for at least 1 year. Prior to the effective anti-VEGF/PDT combination therapy the median Snel-

len visual acuity ranged from 20/200 to 20/250 and presented at no worse than 20/200 at 1 year  

after treatment. Some subjects were followed for up to 5 years and remained inactive.

Conclusion: Combination therapy can cause long-lasting closure of the CNVM, even with 

advanced disease resistant to anti-VEGF monotherapy. 

Keywords: anti-vascular endothelial growth factor, photodynamic therapy, age-related macular 

degeneration, bevacizumab, visual acuity, intraocular pressure

Introduction
The US Food and Drug Administration (FDA) standard of care for neovascular age-

related macular degeneration (AMD) includes photodynamic therapy (PDT) and 

intravitreal injections of anti-VEGF.1 Studies have shown that anti-VEGF injections 

are more effective than PDT when used as a monotherapy, still; anti-VEGF injections 

given at intervals ranging from every 4 to every 6 weeks are usually required in order 

to control neovascular membranes in wet AMD. Intravitreal injections are performed 

by retina specialists on a daily basis and the overall risk for complication is low when 

performed properly. However, some complications could be associated with severe 

vision loss. Known complications include subconjunctival hemorrhage and retinal 

tears, as well as the more serious retina detachments, vitreous hemorrhage, uveitis, and 

endophthalmitis.2–4 Previous research has suggested that visual acuity (VA) outcomes 

are comparable between anti-VEGF monotherapy and anti-VEGF/PDT combination 

treatment, the latter with significantly fewer interventions.3,5 With further study, a 

combination approach may reduce the overall need for AMD treatments as well as 

their potential for ocular or systemic complications.
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Methods
The study consisted of a retrospective chart review 

(26 patients, 29 study eyes) from a solo retina specialty 

practice in Los Angeles, California (two different locations) 

for whom combination treatment with anti-VEGF injection 

(bevacizumab) and PDT effectively halted the growth of neo-

vascular membranes and the need for further treatments in one 

or both eyes for at least 1 year. Charts were reviewed for up to 

5 years for the eyes remaining during this period. Institutional 

Review Board approval for this study was obtained. The 

review included only the charts of patients who completed 

combination therapy with PDT and an anti-VEGF intravitreal 

injection within 1 week. The study only included the eyes 

that resulted in lasting (minimum of 1 year) lack of evidence 

of active choroidal neovascular membranes (CNVM) after 

combination therapy. In most of the subjects the following 

elements were used to determine inactivity of the CNVM; 

retina examination notes including extended ophthalmo-

scope, VA, fluorescein angiography and optical coherence 

tomography (OCT) assessment records. 

VA was recorded using the Snellen chart. In cases where 

VA was below 20/400, VA was estimated by the individual’s 

precision in calling the number of fingers presented or percep-

tion of hand motion at an estimated distance. VA statistics 

are expressed as a median value per year since the effective 

combination treatment. Central macula thickness in µm was 

measured by OCT; variances from baseline were analyzed per 

year. Charts from two different office locations were reviewed. 

Hence, the use of two different OCT instruments: a Carl Zeiss 

OCT 3 Stratus (Carl Zeiss Meditec AG, Jena, Germany) or 

OPKO SD-OCT (OPKA Health Inc., Miami, FL, USA). 

Intraocular pressures were measured by applanation 

tonometry. Intraocular pressure readings and glaucoma 

medication use prior to effective combination therapy and 

yearly afterwards for up to 5 years were registered, account-

ing for whether the eye treated for glaucoma was also being 

treated for wet AMD.

Additional documentation about the patient’s age at time 

of effective combination therapy, the total number of anti-

VEGF injections and PDT received per study eye throughout 

the review period and concomitant anticoagulant use such 

as, aspirin, clopidogrel, Coumadin or a combination of any 

of those preparations, was also logged. Descriptive statisti-

cal analyses were performed as the dataset was too small for 

meaningful comparative statistical analyses. 

Results
Eight out of the 29 eyes studied were from four patients with 

bilateral exudative AMD. The overall mean age at the time 

of effective combination therapy (PDT plus anti-VEGF) was 

80.2 years, with a range from 67 to 92 years of age. Prior to 

effective combination therapy, the study eyes were treated 

with monotherapy of an anti-VEGF intravitreal injection in an 

average of 5 (range; 1–18) or PDT in an average of 2 (range; 

1–8). All of these eyes would be considered to be refractory 

to anti-VEGF therapy alone and most eyes had large chroni-

cally active CNVM. Such monotherapy was administered for 

an average of 16.13±17.35 months before the CNVM was 

stabilized by combination therapy and required no further 

treatment for at least 1 year. 

Median VA before the effective combination treatment 

was between 20/200 and 20/250 (n=29). One year post 

effective combination treatment the median VA was 20/200 

(n=29), and at the end of the second, third, fourth, and fifth 

year the median VA consisted of 20/200 (n=19), 20/200–

20/250 (n=16), 20/200 (n=12) and 20/300 (n=11) respectively 

as seen in Table 1. 

The mean changes in central macula thickness from 

baseline (prior to effective combination therapy) throughout 

the 5 years are represented in Figure 1. The values for each 

year are the following: first year post combination treatment 

mean 49.22±73.79 (range; -198 to 79 µm) (n=23), the second 

year mean of 85.70±102.10 (range; -255 to 166 µm) (n=12), 

the third year mean of 43.11±95.92 (range; -208 to 77 µm) 

(n=9), the fourth year mean of 75.33±123.78 (range; -209 

to 167) (n=5) and the fifth year with a mean of 62.00±141.11 

(range; -228 to 116 µm) (n=6). 

Mean changes in intraocular pressure readings from base-

line were 1.14±4.16 mmHg (n=21) in the first year, -0.41± 
4.78 mmHg (n=17) in the second year, -0.44±2.42 mmHg 

(n=16) in the third year, 0.07±3.41 mmHg (n=14) in the 

fourth year and -1.67±2.65 mmHg (n=9) in the fifth year, 

evident in Table 2. The error bars on the graphs represent 

the standard deviation. The study produced a wide range 

of scores with respect to treatment administration period, 

changes in intraocular pressures and central macula thickness 

that led to the standard deviations being large.

Table 1 Median value of the Snellen visual acuity fraction per 
year

Visual acuity (Snellen)

n Mean visual acuity

Prior to treatment 29 20/200–20/250
Year 1 29 20/200
Year 2 19 20/200
Year 3 16 20/200–20/250
Year 4 12 20/200
Year 5 11 20/300

Abbreviation: n, sample size.
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Missing data and lost to follow-up resulted in incon-

sistent “n” value throughout the 5 years with respect to 

VA, intraocular pressure, and central macula thickness 

variables. 

At baseline, the following anticoagulants were used 

concomitantly: aspirin (13 eyes), clopidogrel (two eyes), 

and Coumadin (three eyes). Reason for anticoagulation 

therapy was not documented. No records of new onset of 

cerebrovascular accidents or ischemic heart disease were 

found during the 5 years following effective combination 

therapy with the exception of one report of atrial fibrilla-

tion. No documentation was found with respect to a new 

anticoagulation treatment being established during the 5 

year period for any of the subjects or in the new case of 

atrial fibrillation. 

Two study eyes were receiving glaucoma medication 

prior to combination therapy and two additional study eyes 

began using glaucoma drops during the 5 years following 

combination treatment. The study did not include data on the 

fellow eyes except, it is worth mentioning that three fellow 

eyes began using glaucoma medication during the review 

period concomitantly with anti-VEGF intravitreal injections 

as a single therapy.

Discussion
In managing any patient disease, one goal of a physician is 

to achieve the best outcome possible for the patient with the 

fewest interventions, therefore minimizing risk. Combina-

tion therapy of anti-VEGF injections with PDT may offer 

such a possibility.

Between 2005 and 2008, nearly 21,000 anti-VEGF 

injections were administered to 6,154 Medicare patients 

age 68 and over, an age group which is anticipated to more 

than double in size by 2040.4,6 Treatments with anti-VEGF 

medications have been a great advance in managing patients 

with wet AMD; nonetheless, this also implies an increase in 

care expenses.7 Besides the financial concern, the need for 

frequent injections places a burden on patients, families, 

and physician offices. Most complications from anti-VEGF 

injections are rare. However, there are new data suggesting 

that these treatments are associated with increasing risk of 

glaucoma in addition to the risks mentioned above. One 

study found that with two or more intravitreal anti-VEGF 

injections, an intraocular pressure elevation of 5 mmHg 

from the baseline becomes more likely.8 The abovementioned 

event about the three fellow eyes starting glaucoma treatment 

while receiving anti-VEGF intravitreal injections during 

the review period, may suggest that secondary glaucoma is 

related to injection treatment, thus supporting that study.8 

Secondary glaucoma and other aforementioned side effects 

are substantial factors in determining the duration and fre-

quency of a patient’s care for exudative AMD.

Regardless of their extensive co-morbidities, no new 

events of cerebrovascular accidents or ischemic heart disease 

were reported in the years observed after effective combination 

therapy, with the exception of one case of new onset of atrial 

fibrillation. The risk of these adverse events has been reported 

to be higher in PDT monotherapy than in anti-VEGF injection 

monotherapy.9 Further research is needed to determine whether 

the benefits of combination therapy for exudative AMD may 

outweigh the slightly increased risk of stroke or heart attack 

with PDT. No cataract progression or endophthalmitis was 
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Figure 1 Mean value of the changes in central macula thickness (expressed in 
microns and measured by optical coherence tomography) per year.

Table 2 Intraocular pressure changes throughout the 5 years following effective combination therapy

IOP changes post effective combination therapy

n* Mean† Standard deviation† Median† Range†

Year 1 21 1.14 4.1 2 -7 to 11
Year 2 17 -0.41 4.78 0 -14 to 6
Year 3 16 -0.44 2.42 -1 -6 to 4
Year 4 14 0.07 3.41 0.5 -5 to 6
Year 5 9 -1.67 2.65 -2 -6 to 2

Notes: n*, subjects with documented IOP. †mmHg values.
Abbreviation: IOP, intraocular pressure.
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observed during the combination treatment phase. In addition, 

the 13 eyes pretreated with aspirin showed no evidence of a 

correlation with the anti-VEGF/PDT combination therapy. 

The data in this study were inconclusive as to why the 

eyes we studied responded effectively in the long-term 

to combination therapy. It appears that with combination 

therapy, exudative AMD can be effectively managed and a 

patient’s exposure to side effects minimized. When compared 

to indefinite treatment with mostly anti-VEGF injections, 

combination therapy may also improve a patient’s quality of 

life by shortening the overall duration of treatment. 

The obvious weaknesses of this study are the relative 

small size, retrospective chart review, and the fact that we 

do not have the total number of patients treated with com-

bination therapy. This latter point obviously introduces a 

selection bias but the major point of this study is that despite 

the results of the DENALI and MONT BLANC studies,10,11 

there are a significant number of patients who do very well 

with combination therapy in the real world experience. 

As stated in the 12 month MONT BLANC and DENALI  

studies, non-inferiority of combination treatment over 

anti-VEGF monotherapy did not display any significance. 

Non-inferiority does not mean that there is not a signifi-

cant number of patients who can benefit from combination 

therapy. As with any prospective randomized trial, MONT 

BLANC and DENALI give us general guidelines based on 

their specific study design, which can have limited applica-

tion to the real world experience. Perhaps genotyping these 

subjects for AMD risk alleles might reveal other factors for 

favorable responders to combination therapy.
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