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Abstract
Purpose To assess visual function and its effects on vision-
targeted, health-related quality of life (QOL) of patients
with neovascular age-related macular degeneration (AMD)
treated with photodynamic therapy (PDT) or full macular
translocation (FMT).
Methods Fifty patients with predominantly classic subfo-
veal choroidal neovascularisation (CNV) secondary to
AMD were randomised to PDT or FMT. To test the
vision-targeted QOL, the 39-item National Eye Institute
Visual Function Questionnaire (NEI-VFQ-25 plus supple-
ment) was administered prior to and 1 year after therapy.
The change of vision-related QOL at 1 year in comparison
to baseline was defined as primary end point.
Results The vision-related subscales showed a stabilisation
or even higher mean scores at 1 year in both treatment
groups. A significant improvement in the quality of the
subject’s vision-related subscales was only observed after
FMT correlating with a more frequent increase in visual
acuity. Comparing the results of the QOL scores after 1
year, the improvement of the subscale scores general vision
(p=0.03), mental health (p=0.02) and dependency (p=0.03)
were significantly higher in the FMT arm.

Conclusions FMT and PDT can achieve a stabilisation in
vision-related QOL, in which FMTwas superior to the PDT
after 1 year. The discrepancy between the amount of
patients with an increased visual acuity after FMT and a
moderate improvement in QOL might be caused by the
onset of complications related to this surgical procedure.
Besides visual acuity, the impact of therapy-related com-
plications has to be taken into consideration when evalu-
ating new therapeutic concepts in exudative AMD.

Keywords Full macular translocation . Photodynamic
therapy . Quality of life . Age-related macular degeneration

Introduction

Age-related macular degeneration (AMD) is one of the
most relevant causes of blindness in the elderly segment of
the western population [1]. The neovascular form of the
disease is characterized by the growth of subfoveal
choroidal neovascularisation (CNV) and is associated with
a dramatic loss in central vision.

Some therapies were developed to limit the degree of
vision loss secondary to CNV, such as photodynamic
therapy (PDT) and full macular translocation (FMT) [2–7].

However, in patients who have received PDT treatment,
a pronounced improvement in vision-related quality of life
(QOL) was not detected [8, 9]. PDT prevents severe vision
loss, but a moderate loss in visual function still occurs.
Vision-related QOL is directly linked with the severity of
visual loss. Therefore, an increase in vision-related QOL
cannot be expected if a treatment does not lead to an
improvement of visual function.
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In contrast, for the FMT, a stabilisation or even an
improvement of visual function and consequently an
improvement of the QOL have been reported, although
the rate of complications due to this therapy is high [5–7,
10].

The success of a treatment in patients with neovascular
AMD cannot be estimated only by the outcome of visual
acuity (VA) measurement. An additional analysis of the
patient’s perception of their vision-related QOL is of utmost
importance. To our knowledge there has been no prospec-
tive, randomised comparison of QOL between a non-
surgical laser therapy (PDT) and a surgical treatment
(FMT) to date. We compared the changes of visual acuity
and QOL in eyes with subfoveal predominantly classic
CNV secondary to AMD.

Materials and methods

The FMT-PDT study was a prospective, randomised,
controlled, non-masked, monocenter pilot-trial for compar-
ison of FMT and PDT in patients with classic subfoveal
CNV secondary to AMD. The study was completed in
compliance with the Declaration of Helsinki and the
International Committee on Harmonization guidelines.
Institutional review board approval and written informed
consent were obtained from patients before their participa-
tion in the study. Before entry into the trial, the investigator
explained to each patient the trial purpose, procedures,
risks, and benefits of participation and alternative treat-
ments available. Patients were explained that failure to
enroll would not prejudice their treatment. The patient
signed the informed consent statement in the presence of a
witness before entry into the trial to secure that all
participants were aware of the randomized nature of the
allocation procedure and the different character of the
treatment options. Demographic characteristics are summa-

rized in Table 1. The inclusion and exclusion criteria of the
FMT-PDT pilot trial have been recently published [11].

Data of QOL were prospectively gathered from patients,
who consented to participate in the study from 2001
through 2005, at the initial interview prior to therapy and
one year after treatment. Best corrected visual acuity
(BCVA) was measured using standard refraction protocol,
standard retro-illuminated Early Treatment Diabetic Reti-
nopathy Study (ETDRS) charts (1 line=5 letters), by an
unmasked examiner.

A research assistant administered the NEI VFQ-25 with
supplement at the initial interview and at the clinical visit 1
year post-treatment.

The NEI VFQ-25 is composed of a base set of 25 vision-
targeted questions representing 11 vision-related constructs,
plus an additional single-item general health rating ques-
tion. The NEI VFQ-25 plus supplement includes an
appendix of additional items from the 51-item version that
can be used to expand the scales up to 39 total items [12–
14]. The addition of these items enhances the reliability of
various subscales of the NEI VFQ [12]. All items in the
NEI VFQ-25 plus supplement are from the 51-item field
test version [15]. No new items were developed for the NEI
VFQ-25 plus supplement. We used the German version of
the NEI VFQ-25 plus supplement, which has been
translated and evaluated by Franke [16].

The 12 subscales can be summarized in three categories.
The first category includes only the subscale general health
(two questions). The second category consists of five
subscales which subsume the quality of a subject’s vision
including the subscales general vision (two questions),
difficulty with distance tasks (six questions), difficulty with
near tasks (six questions), peripheral vision (one question)
and colour vision (one question).

The last six subscales, dependency (four questions), role
difficulties (four questions), mental health (five questions),
social function (three questions), driving (three questions),
and ocular pain (two questions), are incorporated into a
third category, which measure subject’s vision-specific
QOL. Answers to each of the NEI VFQ-25 questions plus
supplement are converted to a 100-point scale and each
subscale represents the average of ≥1 questions.

Statistical analysis

Overall pre-treatment and post-treatment NEI VFQ-39
subscale scores were calculated. Although all 39 items
were administered, the three items on driving (questions
15c, 16 and 16a) were eliminated from the final analysis
because very few of the patients were legally allowed to
drive, and the data were insufficient for analysis. For
patients who discontinued the study, the last clinic visit was
carried forward in the analysis to avoid selection bias.

Table 1 Demographic and ocular characteristics of patients at
baseline [11]

PDT (25=100%) FMT (25=100%)

Age Range 65–87 65–91
Mean 75.7 79.1

Gender* Female 16 (64%) 11 (44%)
Male 9 (36%) 14 (56%)

Fellow eye*
Dry AMD 15 (60%) 9 (36%)
CNV 3 (12%) 4 (16%)
CNV-scar 7 (28%) 12 (48%)

*No. (%) of patients
PDT photodynamic therapy, FMT full macular translocation, AMD
age-related macular degeneration, CNV choroidal neovascularization
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Completing the analysis of the collected data the results of
the subscale scores before treatment were compared with
the subscale scores 1 year after undergoing PDT or FMT.
Additionally, the subscale scores 1 year post-treatment of
the FMT arm were compared with those of the PDT. Data
evaluation was conducted in accordance with the scoring
algorithm developed by Mangione [17].

Data analysis was made with the statistical software
package JMP5.0.1.2 (SAS Institute, Cary, NC, USA). For
analysis of score changes, the Wilcoxon signed-rank test
was performed. The significance level was set to α=0.05.
The Pearson correlation coefficient and significant proba-
bility (obtaining, by chance alone, a correlation with greater
absolute value than the computed value if no linear
relationship exists) were calculated.

Results

In each arm of the FMT-PDT pilot trial 25 eyes (25
patients) were treated. The mean age of the patients was
79.1±6.47 years (range 65–91) in the FMT and 75.7±
5.75 years (range 65–87) in the PDT arm. Five patients
could not be examined at the month-12 examination
because of illness or death. 90% of the enrolled patients
(45/50) completed the final control.

The demographic data (Table 1) did not differ with
regard to age and gender. At baseline 60% (15/25) of the
fellow eyes in the PDT arm and 36% (9/25) in the FMT
arm had dry AMD, which was recorded more frequently
in the PDT arm without statistical significance (p=0.16).
At the month-12 examination, 25 patients in the PDT
group had an average number of 2.8 applications of
PDT treatment (without the treatment at month-12
examination).

Moderate vision loss (3–5 ETDRS lines) was equal in
both treatment groups (three eyes) (Table 2). However,
more patients had severe vision loss (6 or more ETDRS
lines) in the PDT group (six eyes) than in the FMT (two
eyes). The difference between the two treatment groups was
not statistically significant (p=0.25).

A vision loss less than 3 ETDRS lines occurred in 16
eyes (64%) in the PDT group and 20 eyes (80%) in the
FMT group at 12 months from the baseline. However, the
difference between both treatment groups remained not
statistically significant (p=0.35).

At the month-12 examination, ten of the 25 eyes (40%)
in the FMT group and no eyes in the PDT group gained 3
or more ETDRS lines of visual acuity from baseline.
Although four of the 25 eyes (16%) of patients treated with
PDT improved by at least 1 line, an increase of visual
acuity by a similar degree was found at 12 month
examination in 14 eyes (56%) in the FMT group. The

difference between PDT and FMT arms was statistically
significant favouring the FMT (p<0.01).

The more pronounced improvement in VA in the FMT
arm was also associated with an increase in NEI VFQ-39
subscale scores after 1 year post-treatment as given in
Table 3. For each subscale of the three categories the mean
postoperative QOL score was higher than the mean
subscale score at baseline. Especially for the second
category, including the important quality of vision sub-
scales like general vision (p<0.01), difficulty with distance
tasks (p=0.03), difficulty with near tasks (p=0.02), and
peripheral vision (p=0.04), which showed a significant
increase in the scores 1 year after surgery and were
significantly correlated with the improvement in VA
(general vision p=0.03, difficulty with distance tasks p=
0.01, difficulty with near tasks p=0.02, peripheral vision
p<0.01) (Table 4).

A similar change in the scores was also observed for the
subject’s vision-specific QOL subscales including depen-
dency, role difficulties, mental health and social function, in
which improvement of the scores could be detected for each
subscale. However, the improvement was only significant
for the subscale mental health despite surgery (p<0.01) and
significantly linked with the increase in VA (p<0.01). The
first category with the subscale general health showed only
a slight increase in the score after surgery, which was also
significantly correlated with the increase in VA (p=0.02).

Differing from the FMT arm, QOL scores of the PDT
arm did not demonstrate a permanent increase for all
subscales after 1 year, similar to the VA outcome.

Table 2 Visual acuity 1 year post-treatment [11]

12 month

Visual acuity PDT(n=25) FMT(n=25)

Distribution of the visual acuity of eyes at month 12 examination
>20/40 1 (4) 2 (8)
20/80–20/40 9 (36) 11 (44)
20/200–20/100 4 (16) 9 (36)
20/400–20/250 10 (40) 2 (8)
<20/400 1 (4) 1 (4)
Vision change from baseline through month 12
≥6 lines decrease 6 (24) 2 (8)
3–5 lines decrease 3 (12) 3 (12)
1–2 lines decrease 9 (36) 4 (16)
no change 3 (12) 2 (8)
1–2 lines increase 4 (16) 4 (16)
≥3 lines increase – 10 (40)

Data presented as no. (%) of eyes with last observation carried
forward.
PDT photodynamic therapy, FMT full macular translocation
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For the first category, the subscale general health, a small
increase in the score could be detected similar to the FMT
group. However, for the subscales of the second category
(quality of a subject’s vision) only a slight increase in the
scores was observed including difficulty with distance

tasks, difficulty with near tasks and peripheral vision. The
improvement of the subscale general vision was more
pronounced. However, for all subscales the differences
were not significant as well as for the decrease in the colour
vision subscale score after 1 year. These incongruent results

Table 3 The QOL subscale scores*

Pre FMT 12-months FMT pre PDT 12-months PDT

mean 95% CI mean 95% CI p mean 95% CI mean 95% CI p

General health 50.2 [44.4;56.1] 55.6 [49.0;62.1] 0.25 48.6 [40.3;56.9] 49.6 [40.9;58.2] 0.30
General vision 46.7 [39.3;54.1] 60.5 [54.5;66.5] <0.01 45.8 [40.1;51.5] 55.2 [49.0;61.4] 0.20
Ocular pain 51.6 [49.8;53.3] 53.0 [50.5;55.5] 0.37 51.5 [48.1;54.9] 50.5 [49.4;51.6] 0.50
Near activity 57.1 [43.8;70.5] 75.4 [64.1;86.8] 0.02 64.2 [52.3;76.0] 70.8 [58.4;83.3] 0.07
Distance activity 66.4 [54.9;77.8] 80.1 [71.1;89.2] 0.03 73.9 [63.5;84.3] 74.6 [63.0;86.2] 0.46
Social functioning 74.1 [62.8;85.4] 81.5 [71.4;91.7] 0.14 82.7 [74.2;91.1] 81.6 [70.2;93.0] 0.99
Mental health 56.9 [46.1;67.8] 76.0 [68.0;84.1] <0.01 67.4 [57.3;77.5] 73.3 [63.5;83.1] 0.20
Role difficulties 57.8 [44.9;70.7] 61.9 [51.0;72.8] 0.43 66.5 [67.1;91.4] 65.9 [54.0;77.8] 0.63
Dependency 70.8 [57.5;84.2] 80.7 [71.1;90.2] 0.09 79.3 [67.1;91.4] 78.4 [65.8;90.9] 0.39
Colour vision 89.6 [79.8;99.4] 94.0 [87.9;100.2] 0.17 98.0 [95.1;100.9] 96.9 [92.1;101.6] 0.99
Peripheral vision 74.0 [62.5;85.4] 88.1 [87.8;97.4] 0.04 79.0 [68.4;89.6] 80.2 [70.4;90.0] 0.54

*At baseline and after 12 months including the mean score and the confidence interval (95% CI). The p-value represents the matched pair analysis
(Wilcoxon signed-rank test)

Table 4 Comparison of the PDT and MT QOL subscale scores after 1 year post-treatment*

FMT vs PDT
Wilcoxon

Mean
change

SE Lower 95% CI Upper 95% CI Correlation to EDTRS
score, Pearson coefficient (probability)

General health FMT p=0.87 +3.9 3.2 −2.702 +10.510 0.462 (p=0.02)
PDT +6.0 4.3 −2.857 +14.857 0.100 (p=0.63)

General vision FMT p=0.03 +13.6 3.3 +6.741 +20.459 0.444 (p=0.03)
PDT +3.7 2.7 −1.850 +9.250 0.205 (p=0.33)

Ocular pain FMT p=0.06 +1.5 1.1 −0.769 +3.769 −0.108 (p=0.61)
PDT −2.0 1.6 −5.222 +1.222 0.240 (p=0.25)

Near activity FMT p=0.36 +15.5 6.4 +2.417 +28.648 0.472 (p=0.02)
PDT +5.3 4.0 −3.011 +13.679 0.026 (p=0.90)

Distance activity FMT p=0.13 +10.9 4.8 +1.051 +20.712 0.502 (p=0.01)
PDT +0.5 2.7 −5.071 +6.106 −0.134 (p=0.52)

Social functioning FMT p=0.15 +7.0 4.3 −1.908 +15.904 0.336 (p=0.10)
PDT −0.7 3.5 −7.890 +6.558 0.104 (p=0.62)

Mental health FMT p=0.02 +17.0 4.5 +6.411 +27.489 0.551 (p<0.01)
PDT +4.4 3.8 −3.394 +12.094 −0.076 (p=0.72)

Role difficulties FMT p=0.20 +3.3 4.6 −6.203 +12.703 0.283 (p=0.17)
PDT −2.0 3.8 −9.836 +5.836 0.048 (p=0.82)

Dependency FMT p=0.03 +8.8 5.5 −2.600 +20.094 0.334 (p=0.10)
PDT −3.0 5.0 −13.296 +7.296 0.077 (p=0.72)

Colour vision FMT p=0.08 +6.0 3.6 −1.465 +13.465 0.278 (p=0.18)
PDT −2.0 2.0 −6.128 +2.128 −0.177 (p=0.40)

Peripheral vision FMT p=0.26 +12.0 6.6 −1.690 +25.690 0.648 (p<0.01)
PDT +2.0 4.5 −7.383 +11.383 −0.105 (p=0.62)

*One year changes in QOL scores including standard error (SE) and confidence interval (CI) after undergoing MT (n =25) or PDT (n=25). For
the subscales of the NEI VFQ-39 barring the subscale driving, the p-value in the first column indicates the difference between the two treatment
modalities (Wilcoxon signed-rank test). The last column illustrates the correlation between the individual change in EDTRS score and associated
change in QOL score (Pearson coefficient) including the probability of obtaining, by chance alone, a correlation with greater absolute value than
the computed value
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bear resemblance to the outcome of the third category,
which assesses the subject’s vision-specific QOL. A non-
significant increase in the QOL scores was only seen in the
PDT group for the subscale mental health. For the other
subscales only a slight decrease in the scores could be
observed including the subscales dependency, role difficul-
ties, social function and ocular pain. The difference did not
admittedly reach the level of significance.

Comparing the results of the QOL scores between the
FMT and the PDT after 1 year, the improvement of the
subscale scores general vision (p=0.03, Table 4), mental
health (p=0.02) and dependency (p=0.03) was significantly
higher in the FMT group. However, the higher gain of the
QOL scores in the FMT group compared to the PDT is
contradictory to the higher frequency of complications after
undergoing the FMT. Within the 12-month follow-up
period, 16 of the 25 patients (64%) enrolled in the FMT
group received two and the remaining nine patients (36%)
more than two intraocular interventions due to surgery-
related complications. However, an increase in the subscale
score ocular pain was not observed after 1 year compared to
baseline before surgery (p=0.37). In the PDT arm only one
patient developed a severe complication related to the
photodynamic therapy showing a retinal pigment epithelial
tear after the first treatment.

In the FMT group diplopia was noted in five patients, in
which the diplopia was intermittent and tolerated well in
four patients. Eight patients had tilted vision. Two of them
were free of the symptom after adoption of prismatic
glasses and the remaining five patients felt the tilted vision
not disturbing. One patient developed compensatory head
position. A summarisation of the treatment related compli-
cations have been recently published in detail [11].

Discussion

In our study it was conspicuous that the vision-related QOL
at baseline showed low scores for each subscale in both
treatment groups. However, these findings are in accor-
dance with the evaluated data of QOL in similar popula-
tions affected by severe bilateral AMD or low vision [12,
18].

Vision-related QOL as measured by the NEI VFQ-39
improved particularly in the FMT arm. An increase in the
QOL scores was detected in all subscales after 1 year post-
treatment. A significant improvement could be verified for
the subscales difficulty with distance tasks, difficulty with
near tasks, peripheral vision, mental health, and for the
important quality of vision subscale general vision. Con-
trary to the results in the FMT arm, only a stabilisation of
the QOL subscale scores could be detected in the PDT arm.
Additionally, in the FMT arm the improvement of the

subscale scores for general vision, mental health and
dependency was significantly superior to the same subscale
scores obtained 1 year after undergoing PDT.

The more pronounced increase in the FMT scores was
correlated with a more intense improvement of VA than
was observed for the PDT. This confirms a previous report
that the NEI VFQ-39 QOL survey is sensitive to changes of
the visual acuity over a 1 year period [19].

However, after 1 year post-treatment the increase in the
QOL scores did not show the distinct extent, which would
be assumed to result from the intriguing results of VA after
FMT, and higher QOL scores have to be expected.
Although VA is an objective measurement of visual
function, the NEI VFQ-39 is a subjective assessment by
patient’s perception of visual function. Other factors
potentially influence the results of the QOL scores and the
lower scores as expected could originate from the more
frequent onset of complications after undergoing the FMT
compared to the number of complications after PDT.

It is known that the FMT procedure can cause strabismus
and torsion of the eye, and the subsequent muscle surgery,
though relieving torsion, leads to some limitations in eye
movement. In contrast to the adverse events described after
FMT, subscale ocular pain showed only a slight increase.
The absence of significant changes in the ocular pain
subscale score 1 year after surgery reflects that FMT is not
associated with sustained ocular disturbances.

Although the onset of adverse events was much lower
after PDT, the patients in our study had only a small benefit
after PDT, similar to recently published studies [8, 9]. An
improvement was observed for the subscales general vision,
difficulty with distance tasks, difficulty with near tasks and
peripheral vision. However, the increase in the QOL scores
was not as distinctive as it was seen in the FMT arm.

Therefore, according to our results, PDT exhibits to be a
therapy which on the one hand induces a stabilisation of VA
resulting in a limited improvement of patient’s QOL, but on
the other hand has a low number of complications.

The FMT seems to be a therapeutic approach which can
lead to an increase in VA resulting in a more pronounced
improvement of patient’s QOL compared to the PDT, but
exhibits a higher number of severe complications. The
postoperative absence of binocular function and residual
tilted vision may partially explain why the QOL scores are
lower than expected. However, it could be shown that the
improvement in vision-related QOL was not associated
with an improvement in general health, but rather associ-
ated with an increase in VA. The results are in accordance
with another study showing that FMT can significantly
improve the QOL of patients with severe wet AMD [10].
FMT is associated with an improvement in vision-related
QOL and the amount was greatest in patients with
postoperative benefit of visual function.
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Therefore, FMT seems to be an effective alternative
treatment for patients with severe vision loss resulting from
neovascular AMD, although an intraocular anti-vascular
endothelial growth factor therapy with pegaptanib, avastin
and ranibizumab is now available. The anti-vascular
endothelial growth factor therapy for neovascular AMD
provided promising results. Currently, the anti-vascular
growth factor application seems to be the primary choice
in the treatment of neovascular AMD [20]. FMT and PDT
can be considered as effective alternative treatments for
patients who did not respond to the anti-vascular growth
factor therapy or developed complications thereafter. The
information of the quality of life after FMT and PDT will
help ophthalmologists and patients in decision making of
alternative therapies in neovascular AMD.

However, at the moment it is not clear whether the
improvement in VA after an anti-vascular endothelial
growth factor therapy is inevitably associated with an
amelioration of vision-related QOL. It is also supposable
that the essential repetitive intraocular application will not
be accepted by all of the patients. A negative influence on
vision-related QOL linked to the surgical procedure and its
complications seems reasonable.

The present study showed that FMT and PDT can
prevent functional impairment and achieve at least a
stabilisation of vision-related QOL in patients with neo-
vascular AMD. The FMT seems to be more than an
equitable alternative in the treatment of neovascular
AMD. However, the discrepancy between the amount of
patients with increased VA and simultaneous observation of
a moderate improvement in QOL might be caused by the
onset of complications following FMT.
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