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Introduction
Neovascular age-related macular degeneration (nAMD) is the 

leading cause of irreversible blindness in people ≥ 50 years old in the 
industrialized world [1].

Recently, the most promising treatment of all forms of nAMD is 
represented by intravitreal anti-Vascular Endothelial Growth Factor 
(anti-VEGF) drugs [2]. In fact, two of the most important prospective, 
randomized, large-scale clinical trials on nAMD treatment with 
intravitreal anti-VEGF have demonstrated a statistically significant 
improvement in best-corrected visual acuity (BCVA) [3,4]. 

Ranibizumab, a recombinant, humanized monoclonal antigen-
binding antibody fragment that neutralizes all isoforms of VEGF-A 
(Lucentis, Genentech, Inc., South San Francisco, CA), was approved in 
the United States and Europe in 2006 for the treatment of nAMD [4].

BCVA using the Early Treatment Diabetic Retinopathy Study 

(ETDRS) chart has been considered the gold standard tool in order to 
assess the visual status in macular disorders and a primary end point to 
evaluate the functional outcome of new drugs in nAMD. On the other 
hand, it may not provide a complete functional assessment in nAMD 
patients [5,6].

Microperimetry MP1 (Nidek, Padova, Italy) is a relatively new 

Abstract
Background: To analyze the sensitivity of best corrected visual acuity and microperimetry to detect significant 

visual changes after 3 intravitreal ranibizumab in exudative age-related macular degeneration.

Design: Prospective, open-label study.

Participants: 50 eyes of 50 naïve patients affected by neovascular age-related macular degeneration were enrolled.

Methods: Enrolled patients underwent to a loading phase of 3 monthly intravitreal injections of ranibizumab. 
Best-corrected visual acuity was investigated with the ETDRS chart at 4 m. Central retinal sensitivity was tested with 
microperimetry using a Goldmann III stimulus to 33 points over the 12° central of the macula with a 4-2 double staircase 
strategy. 

Main outcome measures: Comparison of changes in mean 4° central retinal sensitivity and best-corrected visual 
acuity in “BCVA relatively stable patients” (defined as change ≤ ± 4 ETDRS letters after treatment). Analysis of a 
possible relationship between changes in best-corrected visual acuity and 4° central retinal sensitivity in “mean 4° 
central retinal sensitivity relatively stable patients” (defined as change in mean retinal sensitivity ≤ ± 2dB) 

Results: Mean best-corrected visual acuity improved of 5.90 ± 11.29 ETDRS letters (P=0.0006). Total mean retinal 
sensitivity improved +1.59 ± 2.12 dB (P<0.0001), while in the 4° central retinal area the increase was +1.36 ± 3.45 dB 
(P=0.0078). 38% of patients (19 eyes) were considered as “BCVA relatively stable patients”. In this subgroup, Pearson’s 
correlation analysis showed a direct correlation between changes observed with both methods (r = 0.71; P = 0.002). 
48% of patients (24 eyes) were considered as “Mean 4° central retinal sensitivity relatively stable patients”. In this 
subgroup, Pearson’s correlation analysis didn’t show a relationship between changes observed with both methods (r = 
0.11; P = 0.56).

Conclusions: Microperimetry central retinal sensitivity seems to be an important to complete the functional 
evaluation in patients with wet age-related macular degeneration after 3 intravitreal ranibizumab.
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equipment providing an objective and quantitative information about 
whole macular function in patients with nAMD [7]. Moreover, it is 
increasingly being recognized as a useful clinical tool in the assessment 
of various retinal pathologies [8-13].

In addition, retinal function is assessed by using microperimetry 
in relation to the fundus, and thus spatial light increment sensitivity 
can be mapped [14]. Moreover, the auto-tracking system corrects 
for involuntary eye movements allowing an exact point by point 
correlation between anatomic abnormalities and retinal sensitivity, 
even in patients with an unstable fixation, providing new insights into 
the functional impact of neovascular AMD [15,16]. These central visual 
field functions are important in day-to-day activities such as those 
involving contrast and color sensitivity [17].

Previously published data have demonstrated agreement between 
improvements in BCVA and mean retinal sensitivity in nAMD patients 
treated with anti-VEGF drug (bevacizumab [18] or ranibizumab 
[19-23]). However, the importance of microperimetry rests on the 
possibility to detect more subtle changes than visual acuity. This means 
threshold changes when visual acuity remains relatively stable. For this 
reason, the aim of this study was not only to analyze overall functional 
response in nAMD patients with microperimetry, but also to highlight, 
if one exists, a different behavior in these subgroups of patients 
using BCVA or MP1 parameters after a loading phase of 3 monthly 
intravitreal injections of ranibizumab in naïve nAMD.

Materials and Methods
Data from a prospective consecutive case series were analyzed. 

All the patients were examined at Retina Unit of Pisa University 
(Italy) from March 2009 to March 2011. The study was performed 
in adherence to the tenets of the Declaration of Helsinki; all patients 
signed an informed consent form. 

Fifty nAMD naïve patients were enrolled. All patients underwent a 
loading phase with 3 consecutive intravitreal injections of 0.5 mg/0.05 
mL ranibizumab at monthly intervals (baseline, month 1 and month 
2), according to the usual procedure with topical anesthesia and surface 
disinfection with 5% povidone-iodine.

Follow-up visits were scheduled at 3 and 25 days after each injection. 
At the first follow-up visit only fundus examination was performed for 
safety reasons. BCVA and OCT measurements were carried out 25 
days after each injection. FA and MP1 measurement were performed 
at baseline and 25 days after the end of the loading phase.

The inclusion criteria were: 1) diagnosis of active subfoveal 
Choroidal Neovascularization (CNV) in AMD, including all subtype 
of lesions; 2) age ≥ 50 years; 3) no previous treatments for AMD; 4) 
willingness to adhere to the scheduled visits during the follow-up 
period.

The exclusion criteria were: 1) retinal angiomatous proliferation 
or polypoidal choroidal vasculopathy because response to anti-VEGF 
therapy may be considerably different from typical neovascular AMD 
lesions; 2) sub-retinal, intra-retinal, or pre-retinal hemorrhage of >1 
disk area; 3) extensive geographic atrophy defined as ≥ 1 areas within 
the central macular of atrophy >1 disk diameter; 4) co-morbidities that 
could interfere with follow-up (i.e, glaucoma, diabetic retinopathy, 
corneal opacity); 5) history of poor vision due to conditions other 
than AMD; 6) active clinical ocular infection requiring treatment (i.e 
uveitis); 7) current use of any other investigational drug or device; 8) 
history of vitrectomy.

Clinical diagnosis of active subfoveal CNV in AMD was 
performed by fundus examination, fluorescein (FA) and indocianine 
(ICGA) angiography and optical coherence tomography (Heidelberg 
Engineering, HRA + OCT Spectralis, Dosenheim, Germany).

Baseline visit included: slit-lamp examination, IOP measurement 
with Goldmann applanation tonometry, BCVA with ETDRS score, 
dilated fundus examination, retinal sensitivity evaluation with 
Microperimetry (MP1, Nidek Technologies, Padua, Italy), FA and 
ICGA, and foveal thickness measured by OCT.

BCVA has been measured by Early Treatment for Diabetic 
Retinopathy Study (ETDRS) charts at a distance of 4 m according to 
the Study Protocol [24].

MP1 testing parameters were: a grid of 33 stimuli covering the 
central 12° (centered onto the fovea); stimulus size Goldmann III, with 
200 milliseconds projection time; white, monochromatic background 
at 4 apostilb (asb); a bright red cross of 4° in size was used as the fixation 
target. The starting stimulus light attenuation was set at 10 dB. A 4-2-1 
double-staircase strategy was used with an automatic eye tracker that 
compensates for eye movements. The fellow eye was patched. Pre-test 
training was performed, and a 5-minute mesopic visual adaptation was 
allowed before starting the test. All subjects underwent microperimetry 
with dilated pupil. Mean overall threshold value (dB) and 4° central area 
threshold value (dB) were investigated for each patient at baseline and 
final visit. If no threshold value was detected, the corresponding area 
was defined as absolute scotoma. Total number of absolute scotoma 
locations as well as the number of absolute scotoma locations in the 
4° central area was taken into consideration for the statistical analysis.

Fixation location and fixation stability were also evaluated by 
microperimetry test and graded in a 3-points scale [18]. Location was 
classified as predominantly central (more than 50% of the preferred 
fixation points located within the central area, 3 points), poor central 
(more than 25% but <50% of preferred fixation points located within 
the central area, 2 points), and predominantly eccentric fixation 
(<25% of the preferred fixation points within the central area, 1 point). 
Fixation stability was classified as stable (>75% of the fixation points 
inside the 2° diameter circle, 3 points), relatively unstable (<75% of 
fixation points inside the 2° diameter circle but >75% inside the 4° 
diameter circle, 2 points), and unstable (<75% of the fixation points 
inside the 4° diameter circle, 1 point).

Primary end point was to analyze in “BCVA relatively stable 
patients” (defined as change in BCVA ≤ ± 4 ETDRS letters after 
treatment) if there is a different behavior in comparison to mean 4° 
central retinal sensitivity. On the other hand, also in “mean 4° central 
retinal sensitivity relatively stable patients” (defined as change in mean 
retinal sensitivity ≤ ± 2dB) a possible relationship with change in 
BCVA was taken into consideration for statistical analysis.

Secondary endpoints were to perform the same analysis in “BCVA 
reducing patients” (defined as change in BCVA > -4 ETDRS letters) 
and “BCVA improving patients” (defined as change in BCVA > +4 
ETDRS letters) in comparison to mean “4° central retinal sensitivity” 
and, vice versa, “mean 4° central retinal sensitivity reducing patients” 
(defined as change in mean retinal sensitivity > -2dB) and “mean 4° 
central retinal sensitivity improving patients” (defined as change 
in mean retinal sensitivity > +2dB). Moreover, also variations of 
microperimetric indices in the global sample size were considered as 
secondary endpoints.

Definition of “BCVA relatively stable patients” was based on 
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the paper of Shah et al. [25]. They have demonstrated that standard 
deviation (SD) of test-retest differences for ETDRS chart measurements 
was ± 4 letters. Moreover, a5 or more ETDRS letter deterioration in 
BCVA was a retreatment criterion in the PrONTO study [26] and is 
listed on the European Medicines Agency (EMEA) product label as one 
of the criteria for retreatment of nAMD with intravitreal ranibizumab 
[27]. 

On the other hand, mean retinal sensitivity has not yet been 
considered as a functional tool in large clinical trials on anti-VEGF 
therapy. So, a common convention for what represents a significant 
improvement in central retinal sensitivity measured with the MP1 
has not yet been defined. Test–retest variability of microperimetry 
using the Nidek MP1 in patients with macular disease has been 
investigated by few authors. Richter-Mueksch S et al. have defined a 
significant gaining in mean retinal sensitivity in patients underwent 
to vitreo-macular surgery for macular hole as ≥ 1 dB [10]. Yodoy et 
al. have arbitrarily defined a gaining ≥ 2 dB in patients underwent 
to photodynamic therapy for polypoidal choriovasculopathy as a 
significant improvement in mean retinal sensitivity [11]. Squirrell et 
al. have analyzed the test-retest variability in a control group of ten 
patients with stable dry AMD (presence of intermediate or large 
macular drusen [drusen ≤ 63 µm] and pigmentary changes) and they 
have found a repeatability coefficient of 1.45 dB. They have concluded 
that a change in the mean retinal sensitivity of ≥ 2.0 dB represented 
a change in retinal sensitivity after treatment not related to test-
retest variability [23]. Also Chen et al. have investigated the test-
retest variability in mean retinal sensitivity in test-naïve patients with 
macular diseases. They have found a coefficient of repeatability of 1.8 
dB, suggesting that a change ≥ 2.5dB was necessary to exceed test-retest 
variability [28]. From these data, even though we acknowledge the lack 
of general agreement in the medical literature, we have defined patients 
with a change ≤ ± 2dB as “stable patients”. Moreover, to compare 
different units (dB and ETDRS letters), we transformed changes after 
treatment in percentage.

In addition, number of scotoma points, changes of fixation stability 
and fixation location was taken into consideration for statistical 
analysis.

Statistical was performed by using the Graphpad Prism software 
package, version 5.0 (Graphpad Software Inc., San Diego, CA). 
t-test was applied for statistical analysis when appropriate. Pearson’s 
correlation coefficient (r) was used for data correlation. Modifications 
after treatment were converted into percentage. The level of significance 
was set at P<0.05.

Results
Sixty-one patients affected by wet AMD were considered. Eleven 

patients were excluded: 1 for previously photodynamic therapy 
with Verteporphin (V-PDT) and 4 for injections of bevacizumab; 
1 because concomitant primary open angle glaucoma and 1 for 
diabetic retinopathy; 4 because AMD-related hemorrhagic choroidal 
neovascular lesions more than 1 disk area. 

Fifty patients were included in the study. The mean age was 75.0 ± 
8.28 years (range 59 to 88 years). 30 males and 20 females were studied, 
41 eyes were phakic and 9 were pseudophakic. Age-related macular 
degeneration lesions were classified as follows: 21 (42.0%) as classic or 
predominantly classic, 20 (40.0%) as minimally classic and 9 (18%) as 
occult. Macular hemorrhage <1 disk area was present in 18 eyes (36%) 
and absent in 32 (64%). Sample clinical characteristics are described 
in Table 1.

Mean total BCVA, expressed as the number of ETDRS letters read, 
improved from 34.6 ± 15.4 at baseline to 40.5 ± 16.3 after the third 
injection with a mean change of +5.90 ± 11.3 letters (P = 0.001) (Table 
2). 

Both mean 12° and 4° central retinal sensitivity significantly 
increased after treatment (+ 1.6 ± 2.12 dB, + 25.3%, P < 0.001 and +1.4 
± 3.45 dB, + 46.9%, P=0.008, respectively) (Table 2). The number of 12° 
and 4° central retinal absolute scotoma points reduced significantly at 
final visit (P = 0.003 and P=0.025, respectively) (Table 2).

Microperimetry examinations showed also improvement in 
fixation stability and fixation location (P < 0.05) (Table 2).

According to the previously described criteria, 38% of patients 
(19 eyes) were considered as “BCVA relatively stable patients”. In this 

Age (years)
Mean ± SD
Range

Gender
Male
Female

Eye laterality
Right
Left

Lens status
Phakic
Pseudophakic

Diagnosis
Classic or predominantly classic
Minimally classic
Occult

Macular hemorrhage < 1 disk area
Present
Absent

75 ± 8.8
59 to 88

30 (60%)
20 (40%)

28 (56%) 
22 (44%)

41 (82%)
9 (18%)

21 (42%)
20 (40%)
9 (18%)

18 (36%)
32 (64%)

Total number of eyes 50

SD: Standard Deviation

Table 1: Demographics.

 

R=0.71* 
p=0.002* 
N=16 

Figure 1: Pearson’s correlation coefficient for the “BCVA relatively stable 
patients” group. 
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Baseline Final Difference (n ± SD) Difference (%) P value (2-tailed)
BCVA (ETDRS letters ± SD) 34.6 ± 15.4 40.5 ± 16.3 5.9 ± 11.3 + 17.0 0.001
12° retinal sensitivity (dB ± SD) 6.3 ± 3.6 7.9 ± 4.0 +1.6 ± 2.1 +25.3 <0.001
4° central retinal sensitivity (dB ± SD) 2.9 ± 3.1 4.2 ± 3.8 1.3 ± 3.4 +46.9 0.008
12° scotoma points (n ± SD) 9.6 ± 9.3 6.6 ± 8.2 -3.0 ± 6.8 -31.2 0.003
4° scotoma points (n ± SD) 2.4 ± 2.0 1.8 ± 1.9 -0.6 ± 1.8 -24.6 0.025
2° central retinal fixation stability (% ± SD) 48.1 ± 28.3 58.0 ± 27.0 9.9 ± 24.8 +20.6 0.007
4° central retinal fixation stability (% ± SD) 77.5 ± 25.4 84.9 ± 19.5 7.4 ± 24.6 +9.5 0.039

Fixation stability (n)

P1 = 22 (44%)
P2 = 11 (22%)
P3 = 17 (34%)

1.90 ± 0.89

P1 = 22 (44%)
P2 = 11 (22%)
P3 = 17 (34%)

2.22 ± 0.81

0.32 ± 0.84 +16.8 0.025

Location fixation (% ± SD) 36.1 ± 30.7 48.1 ± 29.8 12.0 ± 28.4 +33.2 0.004

Location fixation (n)

P1 = 17 (34%)
P2 = 19 (38%)
P3 = 14 (28%)

1.92 ± 0.77

P1 = 9 (18%)
P2 = 26 (52%)
P3 = 15 (30%)

2.12 ± 0.69

0.20 ± 0.73 +10.4 0.039

Foveal thickness (µm ± SD) 363.7 ± 116.2 237.6 ± 111.9 -126.1 ± 133.2 -34.7 < 0.001

BCVA: Best Corrected Visual Acuity; SD: Standard Deviation
Fixation stability:  P1 = Point 1, Instable
   P2 = Points 2; relatively instable
   P3 = Points 3; stable
Location fixation:  P1 = Point 1, predominantly eccentric
   P2 = Points 2; poor central
   P3 = Points 3; predominantly central

Table 2: Difference between baseline and final follow-up.

BCVA: Best Corrected Visual Acuity; SD: Standard Deviation

Table 3: BCVA relatively stable patients.

Baseline Final Difference (n ± SD) Difference (%) P value (2-tailed)
BCVA (ETDRS letters ± SD) 37.3 ± 18.2 37.5 ± 18.9 0.2 ± 2.8 + 0.4 0.807
12° retinal sensitivity (dB ± SD) 7.2 ± 3.9 8.8 ± 4.0 1.6 ± 2.3 +21.4 0.010
4° central retinal sensitivity (dB ± SD) 3.5 ± 3.7 3.8 ± 3.6 0.3 ± 3.1 +7.8 0.703
2° central retinal fixation stability (% ± SD) 54.5 ± 31.6 62.2 ± 28.5 7.7 ± 25.8 +14.0 0.213
4° central retinal fixation stability (% ± SD) 80.3 ± 22.0 87.9 ± 15.2 7.6 ± 21.5 +9.4 0.142
Location fixation (% ± SD) 39.8 ± 36.2 54.5 ± 29.9 14.7 ± 33.6 +36.9 0.073

BCVA: Best Corrected Visual Acuity; SD: Standard Deviation

Table 4: Mean 4° central retinal sensitivity relatively stable patients (change < ± 2dB).

Baseline Final Difference (n ± SD) Difference (%) P value (2-tailed)
BCVA (ETDRS letters ± SD) 31.6 ± 17.8 33.3 ± 18.9 1.7 ± 10.3 + 5.3 0.438
12° retinal sensitivity (dB ± SD) 4.8 ± 3.6 5.7 ± 3.5 0.9 ± 1.6 +17.7 0.017
4° central retinal sensitivity (dB ± SD) 1.8 ± 2.4 2.1± 2.5 0.3 ± 0.9 +15.8 0.129
2° central retinal fixation stability (% ± SD) 45.6 ± 29.8 54.6 ± 29.4 9.0 ± 21.6 +19.6 0.045
4° central retinal fixation stability (% ± SD) 73.8 ± 28.4 82.3 ± 22.8 8.5 ± 21.0 +11.6 0.048
Location fixation (% ± SD) 29.0 ± 31.7 43.8 ± 31.5 14.8 ± 29.5 +51.1 0.022

group, BCVA showed a smaller increase (+0.2 ± 2.8 ETDRS letters; 
+0.4%; P=0.807), while mean 4° central retinal sensitivity increased 
by +7.8% from baseline (+0.3 ± 3.1dB; P = 0.703) (Table 3). Pearson’s 
correlation analysis showed a direct correlation between changes 
observed with both methods (r = 0.71; P = 0.002) (Figure 1).

On the other hand, in the subgroup “Mean 4° central retinal 
sensitivity relatively stable patients” were included 48% of patients (24 
eyes). They reported a mean increase of 4° central retinal sensitivity 
of +15.8% (+0.3 ± 0.9 dB; P = 0.129), while mean change in BCVA 
was only +5.3% (+1.7 ± 10.3 ETDRS letters; P = 0.438) (Table 4). 
Interestingly, there no correlation was seen between changes reported 
by BCVA and 4° central retinal sensitivity (r=0.11; P=0.67) (Figure 2).

Also for all the other subgroups of patients (“BCVA reducing 
patients” and “BCVA improving patients”; “mean 4° central retinal 

sensitivity reducing patients” and “mean 4° central retinal sensitivity 
improving patients”) Pearson’s correlation coefficient was not 
statistically significant (P>0.05). 

No ocular or systemic adverse events related to the drug or the 
injection procedures were reported during the follow-up.

Discussion
In the recent past, the management of the nAMD has been deeply 

changed by the introduction of new diagnostic and therapeutic 
techniques. 

Macular function of patients with nAMD is usually tested only by 
BCVA, even though it does not consider several pathophysiological 
aspects of vision [5,6].
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BCVA can assess only the foveal function, such as the 4° central 
retinal sensitivity, without evaluating the whole macular status. For 
this reason, analysis of whole macular function may be an important 
complementary tool to evaluate functional changes after treatment in 
nAMD patients. 

Another important characteristic of microperimetry is represented 
by functional mapping: it may provide a greater accuracy of perceived 
visual function than BCVA alone. A recent work of Bansback et al. 
supports this hypothesis, demonstrating that in AMD patients, contrast 
sensitivity was better correlated to a person’s health-related quality of 
life than to visual acuity [30]. If confirmed by other works, this could 
be really important because the introduction of new therapeutic agents 
is increasingly being scrutinized for the impact they have on improving 
health. If we are significantly underestimating the impact of macular 
disease on visual functioning, as our data suggest, then we may also be 
underestimating the therapeutic benefits of these new agents to treat 
macular disease.

Another important benefit of microperimetry is the possibility 
to evaluate fixation stability and fixation location, adding detailed 
information regarding the degree and pattern of functional damage 
in the whole macula. Fixation stability and fixation location are very 
important parameters to evaluate the life quality of the patient, because 
they are involved in daily activities, for example in the recognition of 
faces and symbols, orientation and reading. In our series of patients, 
both fixation stability and fixation location significant improved after 
treatment (P<0.05) (Table 2) and these outcomes are consistent with 
those of other papers [21,22,29].

On the basis of these results, fixation test on microperimetry could 
be used into visual rehabilitation clinics in order to suggest appropriate 
fixation training.

However, also limitation of our study should be mentioned. A 
potential limiting factor of microperimtric evaluation is represented by 
some technical problems such as patient inexperience and fixation loss. 
For such reasons, patients underwent a short training session before 
each repeat testing during the follow-up in order to minimize potential 
learning artifacts. Moreover, patient fatigue is an important limitation 
of microperimetry. Another potential limiting factor, suggested by 
glaucoma analysis, is that long-term fluctuation depends on the stage 
of the disease [31], so that fluctuation of microperimetry test might 
have different patterns at different stages of functional macular status 
in nAMD. Finally, the present study should be interpreted considering 
the limits of an uncontrolled study. For such reasons, prospective 
randomized studies are recommended to test the potentiality of 
microperimetry as a functional predictor. 

In conclusion, microperimetry allows us a more accurate functional 
evaluation of nAMD patients, providing important information both 
for the baseline damage and the follow-up modifications after treatment 
with anti-VEGF drugs than alone BCVA, that seems to underestimate 
the functional benefit of new drugs for wet AMD.
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Therefore, even if our results are not conclusive, they reveal 
that distant BCVA alone may underestimate the improvement in 
macular function that follows successful treatment with intravitreal 
ranibizumab. In fact, in all the sub-groups, changes measured as 
percentage were greater when measured by 4° central retinal sensitivity 
compared to BCVA, except for the “BCVA relatively stable” subgroup 
(r = 0.71; P = 0.002). Similar discrepancies between BCVA outcomes 
and retinal sensitivity data have been reported after the treatment 
of polypoidal choriovasculopathy with photodynamic therapy and 
vitreoretinal surgery for vitreomacular disease [10,11].

Furthermore, nAMD affects the entire macular region, while 

 
Figure 2: Pearson’s correlation coefficient for the “Mean 4° central retinal 
sensitivity relatively stable patients” group. 

http://www.ncbi.nlm.nih.gov/pubmed/15078664
http://www.ncbi.nlm.nih.gov/pubmed/15078664
http://www.ncbi.nlm.nih.gov/pubmed/15078664
http://www.ncbi.nlm.nih.gov/pubmed/11036931
http://www.ncbi.nlm.nih.gov/pubmed/11036931
http://www.ncbi.nlm.nih.gov/pubmed/17021319
http://www.ncbi.nlm.nih.gov/pubmed/17021319
http://www.ncbi.nlm.nih.gov/pubmed/17021319


Citation: Lazzeri S, Piaggi P, Parravano MC, Ripandelli G, Sartini MS, et al. (2013) Analysis of Functional Dissociations between Best Corrected 
Visual Acuity and Microperimetric Parameters in Neovascular Age-Related Macular Degeneration Patients Underwent to Three Monthly 
Ranibizumab Injections. J Clin Exp Ophthalmol 4: 293. doi:10.4172/2155-9570.1000293

Page 6 of 6

Volume 4 • Issue 4 • 1000293
J Clin Exp Ophthalmol
ISSN: 2155-9570 JCEO, an open access journal

4. Rosenfeld PJ, Brown DM, Heier JS, Boyer DS, Kaiser PK, et al. (2006) 
Ranibizumab for neovascular age-related macular degeneration. N Engl J Med 
355: 1419-1431.

5. Nussenblatt RB, Kaufman SC, Palestine AG, Davis MD, Ferris FL 3rd (1987) 
Macular thickening and visual acuity. Measurement in patients with cystoid
macular edema. Ophthalmology 94: 1134-1139.

6. Larsson J, Zhu M, Sutter F, Gillies MC (2005) Relation between reduction
of foveal thickness and visual acuity in diabetic macular edema treated with
intravitreal triamcinolone. Am J Ophthalmol 139: 802-806.

7. Midena E, Radin PP, Pilotto E, Ghirlando A, Convento E, et al. (2004)
Fixation pattern and macular sensitivity in eyes with subfoveal choroidal
neovascularization secondary to age-related macular degeneration. A
microperimetry study. Semin Ophthalmol 19: 55-61.

8. Okada K, Yamamoto S, Mizunoya S, Hoshino A, Arai M, et al. (2006) 
Correlation of retinal sensitivity measured with fundus-related microperimetry
to visual acuity and retinal thickness in eyes with diabetic macular edema. Eye 
(Lond) 20: 805-809.

9. Ozdemir H, Karacorlu SA, Senturk F, Karacorlu M, Uysal O (2008) Assessment 
of macular function by microperimetry in unilateral resolved central serous
chorioretinopathy. Eye (Lond) 22: 204-208.

10. Richter-Mueksch S, Vécsei-Marlovits PV, Sacu SG, Kiss CG, Weingessel B, et 
al. (2007) Functional macular mapping in patients with vitreomacular pathologic 
features before and after surgery. Am J Ophthalmol 144: 23-31.

11. Yodoi Y, Tsujikawa A, Kameda T, Otani A, Tamura H, et al. (2007) Central 
retinal sensitivity measured with the micro perimeter 1 after photodynamic
therapy for polypoidal choroidal vasculopathy. Am J Ophthalmol 143: 984-994.

12. Carpineto P, Ciancaglini M, Di Antonio L, Gavalas C, Mastropasqua L (2007)
Fundus microperimetry patterns of fixation in type 2 diabetic patients with 
diffuse macular edema. Retina 27: 21-29.

13. Midena E, Vujosevic S, Convento E, Manfre’ A, Cavarzeran F, et al. (2007) 
Microperimetry and fundus autofluorescence in patients with early age-related 
macular degeneration. Br J Ophthalmol 91: 1499-1503.

14. Roesel M, Heimes B, Heinz C, Henschel A, Spital G, et al. (2011) Comparison 
of retinal thickness and fundus-related microperimetry with visual acuity in
uveitic macular oedema. Acta Ophthalmol 89: 533-537.

15. Springer C, Bültmann S, Völcker HE, Rohrschneider K (2005) Fundus perimetry 
with the Micro Perimeter 1 in normal individuals: comparison with conventional 
threshold perimetry. Ophthalmology 112: 848-854.

16. Rohrschneider K, Springer C, Bültmann S, Völcker HE (2005) Microperimetry--
comparison between the micro perimeter 1 and scanning laser ophthalmoscope-
-fundus perimetry. Am J Ophthalmol 139: 125-134.

17. Dunavoelgyi R, Sacu S, Simader C, Pruente C, Schmidt-Erfurth U (2011)
Changes in macular sensitivity after reduced fluence photodynamic therapy 
combined with intravitreal triamcinolone. Acta Ophthalmol 89: 166-171.

18. Ozdemir H, Karacorlu M, Senturk F, Karacorlu SA, Uysal O (2012) 
Microperimetric changes after intravitreal bevacizumab injection for exudative
age-related macular degeneration. Acta Ophthalmol 90: 71-75.

19. Cho HJ, Kim CG, Yoo SJ, Cho SW, Lee DW, et al. (2013) Retinal functional 
changes measured by microperimetry in neovascular age-related macular
degeneration treated with ranibizumab. Am J Ophthalmol 155: 118-126.

20. Parravano M, Oddone F, Tedeschi M, Chiaravalloti A, Perillo L, et al. (2010)
Retinal functional changes measured by microperimetry in neovascular age-
related macular degeneration treated with ranibizumab: 24-month results.
Retina 30: 1017-1024.

21. Parravano M, Oddone F, Tedeschi M, Schiano Lomoriello D, Chiaravalloti
A, et al. (2009) Retinal functional changes measured by microperimetry
in neovascular age-related macular degeneration patients treated with
ranibizumab. Retina 29: 329-334.

22. Sivaprasad S, Pearce E, Chong V (2011) Quality of fixation in eyes with 
neovascular age-related macular degeneration treated with ranibizumab. Eye
(Lond) 25: 1612-1616.

23. Squirrell DM, Mawer NP, Mody CH, Brand CS (2010) Visual outcome
after intravitreal ranibizumab for wet age-related macular degeneration: a
comparison between best-corrected visual acuity and microperimetry. Retina
30: 436-442. 

24. Ferris FL 3rd, Kassoff A, Bresnick GH, Bailey I (1982) New visual acuity charts 
for clinical research. Am J Ophthalmol 94: 91-96.

25. Shah N, Laidlaw AH, Shah SP, Sivasubramaniam S, Bunce C, et al. (2011)
Computerized repeating and averaging improve the test-retest variability of
ETDRS visual acuity measurements: implications for sensitivity and specificity. 
Invest Ophthalmol Vis Sci 52: 9397-9402. 

26. Lalwani GA, Rosenfeld PJ, Fung AE, Dubovy SR, Michels S, et al. (2009) A
variable-dosing regimen with intravitreal ranibizumab for neovascular age-
related macular degeneration: year 2 of the PrONTO Study. Am J Ophthalmol
148: 43-58.

27. Colquitt JL, Jones J, Tan SC, Takeda A, Clegg AJ, et al. (2008) Ranibizumab 
and pegaptanib for the treatment of age-related macular degeneration: a
systematic review and economic evaluation. Health Technol Assess 12: iii-iv,
ix-201.

28. Chen FK, Patel PJ, Xing W, Bunce C, Egan C, et al. (2009) Test-retest variability 
of microperimetry using the Nidek MP1 in patients with macular disease. Invest 
Ophthalmol Vis Sci 50: 3464-3472.

29. Chen FK, Uppal GS, MacLaren RE, Coffey PJ, Rubin GS, et al. (2009) Long-
term visual and microperimetry outcomes following autologous retinal pigment
epithelium choroid graft for neovascular age-related macular degeneration.
Clin Experiment Ophthalmol 37: 275-285.

30. Bansback N, Czoski-Murray C, Carlton J, Lewis G, Hughes L, et al. (2007)
Determinants of health related quality of life and health state utility in patients
with age related macular degeneration: the association of contrast sensitivity
and visual acuity. Qual Life Res 16: 533-543.

31. Fogagnolo P, Sangermani C, Oddone F, Frezzotti P, Iester M, et al. (2011)
Long-term perimetric fluctuation in patients with different stages of glaucoma. 
Br J Ophthalmol 95: 189-193.

http://www.ncbi.nlm.nih.gov/pubmed/17021318
http://www.ncbi.nlm.nih.gov/pubmed/17021318
http://www.ncbi.nlm.nih.gov/pubmed/17021318
http://www.ncbi.nlm.nih.gov/pubmed/3684231
http://www.ncbi.nlm.nih.gov/pubmed/3684231
http://www.ncbi.nlm.nih.gov/pubmed/3684231
http://www.ncbi.nlm.nih.gov/pubmed/15860283
http://www.ncbi.nlm.nih.gov/pubmed/15860283
http://www.ncbi.nlm.nih.gov/pubmed/15860283
http://www.ncbi.nlm.nih.gov/pubmed/15590535
http://www.ncbi.nlm.nih.gov/pubmed/15590535
http://www.ncbi.nlm.nih.gov/pubmed/15590535
http://www.ncbi.nlm.nih.gov/pubmed/15590535
http://www.ncbi.nlm.nih.gov/pubmed/16021181
http://www.ncbi.nlm.nih.gov/pubmed/16021181
http://www.ncbi.nlm.nih.gov/pubmed/16021181
http://www.ncbi.nlm.nih.gov/pubmed/16021181
http://www.ncbi.nlm.nih.gov/pubmed/16936642
http://www.ncbi.nlm.nih.gov/pubmed/16936642
http://www.ncbi.nlm.nih.gov/pubmed/16936642
http://www.ncbi.nlm.nih.gov/pubmed/17509512
http://www.ncbi.nlm.nih.gov/pubmed/17509512
http://www.ncbi.nlm.nih.gov/pubmed/17509512
http://www.ncbi.nlm.nih.gov/pubmed/17336913
http://www.ncbi.nlm.nih.gov/pubmed/17336913
http://www.ncbi.nlm.nih.gov/pubmed/17336913
http://www.ncbi.nlm.nih.gov/pubmed/17218911
http://www.ncbi.nlm.nih.gov/pubmed/17218911
http://www.ncbi.nlm.nih.gov/pubmed/17218911
http://www.ncbi.nlm.nih.gov/pubmed/17504849
http://www.ncbi.nlm.nih.gov/pubmed/17504849
http://www.ncbi.nlm.nih.gov/pubmed/17504849
http://www.ncbi.nlm.nih.gov/pubmed/20003108
http://www.ncbi.nlm.nih.gov/pubmed/20003108
http://www.ncbi.nlm.nih.gov/pubmed/20003108
http://www.ncbi.nlm.nih.gov/pubmed/15878065
http://www.ncbi.nlm.nih.gov/pubmed/15878065
http://www.ncbi.nlm.nih.gov/pubmed/15878065
http://www.ncbi.nlm.nih.gov/pubmed/15672526
http://www.ncbi.nlm.nih.gov/pubmed/15672526
http://www.ncbi.nlm.nih.gov/pubmed/15672526
http://www.ncbi.nlm.nih.gov/pubmed/19860783
http://www.ncbi.nlm.nih.gov/pubmed/19860783
http://www.ncbi.nlm.nih.gov/pubmed/19860783
http://www.ncbi.nlm.nih.gov/pubmed/20163371
http://www.ncbi.nlm.nih.gov/pubmed/20163371
http://www.ncbi.nlm.nih.gov/pubmed/20163371
http://www.ncbi.nlm.nih.gov/pubmed/23022163
http://www.ncbi.nlm.nih.gov/pubmed/23022163
http://www.ncbi.nlm.nih.gov/pubmed/23022163
http://www.ncbi.nlm.nih.gov/pubmed/20224469
http://www.ncbi.nlm.nih.gov/pubmed/20224469
http://www.ncbi.nlm.nih.gov/pubmed/20224469
http://www.ncbi.nlm.nih.gov/pubmed/20224469
http://www.ncbi.nlm.nih.gov/pubmed/19092732
http://www.ncbi.nlm.nih.gov/pubmed/19092732
http://www.ncbi.nlm.nih.gov/pubmed/19092732
http://www.ncbi.nlm.nih.gov/pubmed/19092732
http://www.ncbi.nlm.nih.gov/pubmed/21921956
http://www.ncbi.nlm.nih.gov/pubmed/21921956
http://www.ncbi.nlm.nih.gov/pubmed/21921956
http://www.ncbi.nlm.nih.gov/pubmed/19996834
http://www.ncbi.nlm.nih.gov/pubmed/19996834
http://www.ncbi.nlm.nih.gov/pubmed/19996834
http://www.ncbi.nlm.nih.gov/pubmed/19996834
http://www.ncbi.nlm.nih.gov/pubmed/7091289
http://www.ncbi.nlm.nih.gov/pubmed/7091289
http://www.ncbi.nlm.nih.gov/pubmed/22003109
http://www.ncbi.nlm.nih.gov/pubmed/22003109
http://www.ncbi.nlm.nih.gov/pubmed/22003109
http://www.ncbi.nlm.nih.gov/pubmed/22003109
http://www.ncbi.nlm.nih.gov/pubmed/19376495
http://www.ncbi.nlm.nih.gov/pubmed/19376495
http://www.ncbi.nlm.nih.gov/pubmed/19376495
http://www.ncbi.nlm.nih.gov/pubmed/19376495
http://www.ncbi.nlm.nih.gov/pubmed/18462575
http://www.ncbi.nlm.nih.gov/pubmed/18462575
http://www.ncbi.nlm.nih.gov/pubmed/18462575
http://www.ncbi.nlm.nih.gov/pubmed/18462575
http://www.ncbi.nlm.nih.gov/pubmed/19324853
http://www.ncbi.nlm.nih.gov/pubmed/19324853
http://www.ncbi.nlm.nih.gov/pubmed/19324853
http://www.ncbi.nlm.nih.gov/pubmed/19459869
http://www.ncbi.nlm.nih.gov/pubmed/19459869
http://www.ncbi.nlm.nih.gov/pubmed/19459869
http://www.ncbi.nlm.nih.gov/pubmed/19459869
http://www.ncbi.nlm.nih.gov/pubmed/17119846
http://www.ncbi.nlm.nih.gov/pubmed/17119846
http://www.ncbi.nlm.nih.gov/pubmed/17119846
http://www.ncbi.nlm.nih.gov/pubmed/17119846
http://www.ncbi.nlm.nih.gov/pubmed/20675728
http://www.ncbi.nlm.nih.gov/pubmed/20675728
http://www.ncbi.nlm.nih.gov/pubmed/20675728

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Results
	Discussion
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4
	References

