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Abstract
Purpose To explore decline in visual acuity in patients with
neovascular age-related macular degeneration (n-AMD)
awaiting intravitreal bevacizumab or ranibizumab treatment
following initial diagnosis and after disease reactivation.
Methods Retrospective analysis of 74 treatment-naïve pa-
tients (84 eyes) in two centers in Córdoba, Argentina. The
time between treatment indication and intravitreal injection,
and the changes in BCVA produced during this delay were
studied in both periods. A linear regression model to search
the impact of time on progression visual impairment was
conducted.
Results In both periods, a significant reduction in vision oc-
curred awaiting intravitreal injection. The longer the delay, the
greater the vision loss (R2=0.55 p<0.01) and the less im-
provement following treatment (Pearson coefficient −0.26).
The result of the model shows that the change in vision as a
function of initial delay were best described by a polynomic
model with a mean loss of 5 letters in the first 3 weeks, a
slowdown in the rate of change of VA, and a dependence of
visual acuity at the moment of diagnosis . The loss of visual

acuity after reactivation shows the same behavior as at the
onset of the disease but independent of visual acuity prior to
reactivation.
Conclusion Visual loss awaiting injection intravitreal anti-
VEGF is clinically significant and with an asymptotic pattern,
with early rapid loss of vision in both the onset of the disease
and the reactivation. Initiation of anti-VEGF treatment must
be undertaken urgently, as should retreatment of disease acti-
vation to reduce visual loss.

Keywords Age-related macular degeneration .

Bevacizumab . Disease progression . Health systems . Patient
safety . Ranibizumab

Introduction

Age-related macular degeneration (AMD) is the leading cause
of severe visual loss in the developed world. The incidence
and prevalence of AMD are increasing as the population ages
and life expectancy improves. The recent development of
intravitreal anti-vascular endothelial growth factor (anti-
VEGF) therapy has presented a major breakthrough in the
care of patients with wet or neovascular-AMD (n-AMD).
Since the introduction of such medications, maintenance or
improvement of vision is now an expectation. It is gratifying
that blindness rates from AMD are reducing significantly at
population levels in developed economies since such treat-
ments became available [1–3]. A dosing regimen of three
injections followed by pro-re-nata (PRN) treatment is fre-
quently undertaken in ‘real world’ care, and such dosing is
recommended in some clinical practice guidelines [4–6] and
based in part on the PrONTO study protocol [7]. Re-treatment
criteria include: loss of ≥5 letters on a standardized visual
acuity chart or increase in central retinal thickness, or the
detection of any fluid on optical coherence tomography
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(OCT) imaging 1 month after an injection. All such criteria are
based on changes from the previous evaluation. Disease reac-
tivation or recurrence is considered to have occurred when
such changes are present at follow-up clinical visit.

Recent studies have demonstrated that PRN treatment with
either ranibizumab or bevacizumab undertaken with monthly
monitoring and immediate retreatment following disease re-
currence are of broadly similar ophthalmic efficacy [8, 9].
Monthly visits may be problematic for patients, payers, and
physicians. Thus some ophthalmologists adopt flexible re-
gimes, such as treat and extend, and may lengthen the period
between follow-up examinations when disease is stable. It is
of relevance that patients may experience delay in access for
n-AMD care in some health systems for whatever clinical or
non-clinical reasons. Delays may include delay in obtaining
initial anti-VEGF dosing, and delay in acquiring an injection
appointment visit following disease recurrence. In a review of
patient safety incidents (PSI) related to anti-VEGFmedication
use, reported to the National Patient Safety Agency, delay in
treatment or assessment was the principal PSI reported in
England andWales [10]. Such matters pose a universal patient
safety concern, and are clinically relevant in all health
economies.

Understanding of the natural history of visual acuity de-
cline in untreated n-AMD patients in the anti-VEGF era is
limited.Muether et al. [11] assessed the temporal relationships
of changes in vision in both the initiation stage and at the stage
of reactivation, and found greater loss of vision in the latter
period. However, the delay time (6 to 58 days) and loss of
visual acuity (VA) after reactivation (only two patients lost
more than 1 line) were too small to describe the phenomenon
in a manner equivalent to the initial phase.

As we have previously described, n-AMD patients in Ar-
gentina must overcome several bureaucratic barriers to access
anti-VEGF treatment [12]. In Argentina, bevacizumab is not
covered by health insurance and ranibizumab is. However,
funding approval for ranibizumab is often delayed to verify
the clinical indication. On average, a delay of 160 days occurs.
This same situation occurs for subsequent retreatment. The
fact that this delay in access to initial treatment and retreatment
is so prolonged provides a unique setting to study the natural
rate of progression of untreated n-AMD and with OCT
imaging.

The present study assesses the impact of delay on distance
visual acuity (VA) in such patients while awaiting first anti-
VEGF injection, and again following subsequent disease re-
currence and awaiting retreatment injections.

Methods

We undertook a retrospective analysis of all consecutive
charts and imaging studies of patients with n-AMD treated

for the first time with intravitreal ranibizumab or bevacizumab
at two of the major ophthalmological centers of Córdoba,
Argentina (Centro Privado de Ojos Romagosa and Ophthal-
mology Department, Catholic University of Córdoba) from
January 2007 to December 2012. During that time, there were
delays in care of n-AMD patients in Argentina due to admin-
istrative issues.

This study complied with the Helsinki Declaration, and
was approved by the Institutional Ethics Committee of the
National Clinical Hospital. To be included in the study, pa-
tients: (1) had to be at least 50 years old, (2) had to have a best-
corrected visual acuity (BCVA) of 20/40 to 20/320 and diag-
nosis of n-AMD, as confirmed by fundus fluorescein angio-
gram (FFA) and spectral-domain optical coherence tomogra-
phy (SD-OCT), and (3) had to have been treated by usual care
in one of the above centers. Charts of patients in whom laser
photocoagulation treatment, verteporfin photodynamic thera-
py (PDT), or prior intravitreal therapy had been undertaken
were excluded from the analysis, as well as those who during
the monitoring year received a combined treatment with other
intravitreal drugs and/or surgical treatments in the study eye,
such as cataract surgery

Information gathered at baseline visit included: (1) age and
gender at presentation, (2) time elapsed from the first ophthal-
mological consultation with macular visual symptoms and
date of therapy initiation (waiting time), (3) intraOCT and
FFA findings, (4) BCVA, (5) presence or absence of cataracts,
and (6) type of CNV. Best-corrected Snellen visual acuity was
recorded and converted to logarithm of minimum angle of
resolution (logMAR) units. Re-treatment criteria were as the
PrONTO study protocol [7].

Unresponsive patients — those with BCVA below 20/320
after three intravitreal injections (loading phase) — were
excluded from analysis. Patients without delay— those treat-
ed within 4 calendar days of disease re-activity — were also
excluded. Delay after reactivation is the time in days between
diagnosis of reactivation and intravitreal injection.

A linear regression model exploring impact of delay on
decline of vision was conducted. The dependent variable was
the visual acuity (VA) change, expressed in ETDRS letters.
Delay in days, patient age and gender, and anti-VEGF medi-
cation agent were the independent variables. The model can
be expressed as follows:

VAchangei ¼
X

1

K

αkdelay
k
i þ β1genderi þ β2agei

þ β3drugi þ β4VAdxiεi ð1Þ

Where VA changei is the VA change in letters in the treated
eye (i) between diagnosis and treatment, delayi is the time in
days between diagnosis and intravitreal injection in the treated
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eye, genderi is the gender of the patient, agei is patient age at
the time of diagnosis, drugi is the anti-VEGF medication drug
(ranibizumab or bevacizumab) injected to the treated eye, and
VAdxi is the visual acuity of the eye at time of diagnosis. αk

and β1 to β3 are the coefficients associated to the respective
variables and εi is the error term of the model with a distribu-

tion N 0 ; σ2
� �

. Note that successive powers of the variable
delay were included in the model in order to prove if the VA
change presents a linear relationship with the delay or if a
deceleration is observed as the delay increases. Moreover, the
constant termwas excluded from the model in the case that the
change of VA is equal to 0 when the delay was 0.

Themodel described was estimated using data from both the
patient data of the period before anti-VEGF treatment, and
from patient data following subsequent disease reactivation
after three loading doses of anti-VEGF medication. It is impor-
tant to highlight that the delay period is defined as time between
diagnosis of n-AMD by an ophthalmologist and time of first
intravitreal injection or reinjection. Any period of known or
unknown time between disease onset — as might be deduced
from patient history— before confirmation of diagnosis by an
ophthalmologist was not considered in this analysis.

All statistical analyses were performed using STATA
11.1 (StataCorp). Absolute and relative frequencies were
used for qualitative variables, with means and standard
deviations (SD) being used to summarize quantitative data.
The normal distribution of data was tested using the Sha-
piro–Wilk test. Quantitative variables were compared
using a Student’s test for unpaired samples and a non-
parametric Wilcoxon Mann–Whitney test if the variables
did not meet the normality criteria. For comparisons of
proportions, a Fisher–Irwin Test was used. The statistical
relationship between the variables was analyzed by means
of the Pearson’s correlation test. A p-value of 0.05 or less
was considered to be statistically significant.

Results

Eighty-four eyes of 76 patients met the inclusion and exclu-
sion criteria. The mean age was 76.6 years (range, 51–
93 years; SD, 8.07 years), and 55 patients were female
(65 %). Predominantly occult CNV was recorded in 37 eyes
(44 %), predominantly classic CNV in 28 eyes (33 %), and in
19 eyes (23 %) the CNV subtype was not recorded. 48 eyes
(43 patients) were treated with bevacizumab, and 36 eyes (33
patients) with ranibizumab. The mean follow-up period was
1.81 years (range, 0.5–5.7 years).

Initial waiting time and its impact on treatment effectiveness

The mean duration of the waiting time from baseline visit to
initial treatment was 87.5 days (median 60 days, range, 0–
312 days; SD, 78.3 days). Patients lost an average of 10.67±
12.19 letters (p < 0.01) in this period. Patients gained 8.81
letters (SD 10.29) following three loading injections. An indi-
rect correlation between change in vision following the loading
phase and the waiting time was found; the longer the delay in
time from diagnosis to treatment, the less likely was VA gain
after treatment (Pearson coefficient −0.26, p < 0.02). Figure 1
and Table 1 show the mean change in the visual acuity and
baseline characteristics of 84 eyes by waiting time percentiles.

After the end of the loading phase, 70 of 84 eyes had
BCVA better than 20/320. Of these eyes, 40 had a diagnosis
of recurrence, but 13 did not have a delay in access to the
reactivation. Therefore, 27 had loss of vision compatible with
this diagnosis and delay. The average time between the con-
firmation of disease recurrence and the time of retreatment (or
time of the medical decision about the discontinuation of
treatment) was 224 days (SD 190 days), which resulted in
an average loss of 22.75±12.88 letters.

Fig. 1 Mean change in visual acuity letter scores from baseline to month
24 of follow-up. During waiting time (WT), all groups showed a
statistically significant reduction in BCVA, being significantly higher in
group 3. After loading phase, there was a significant visual acuity

improvement in all groups, but the increase in group 3 was significantly
lower than in the other two groups. After the end of the loading phase, all
groups, but principally groups 1 and 2, showed a drop in visual acuity
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Temporal relationship of changes in visual acuity (VA)

The results of applying the regression analysis model (Eq. 1),
linking the variability in the change in the VAwith estimated
time from the period before treatment, are shown in Table 2a.

The variables gender, age, and medication type were not
statistically significant, and were excluded from the model.
The variable ‘delay’was statistically significant, and the effect
of such delay on VA change was found to be non-linear. The
adjusted determination coefficient (R2 adjusted) indicated that

Table 1 Comparison of baseline characteristics between time-delay-percentile groups

Baseline characteristics Group 1 Group 2 Group 3

Number of cases 28 28 28

Female, n (%) 20 (71 %) 16 (57 %) 19 (68 %)

Age mean (SD) 74.54 (9.26)# 75.5 (7.65) 79.39 (6.56)#

Occult CNV lesion n (%) 13 (46 %) 12 (43 %) 12 (43 %)

Classic CNV lesion n (%) 10 (36 %) 6 (21 %) 12 (43 %)

Unknown/not stated of CNV lesion n (%) 5 (18 %) 10 (36 %) 4 (14 %)

VA > 20/40 n (%) 6 (21 %) 5 (18 %) 4 (14 %)

20/40>VA > 20/160, n (%) 18 (64 %) 18 (64 %) 14 (50 %)

20/200>VA > 20/320, n (%) 4 (14 %) 5 (18 %) 10 (36 %)

Mean VA all cases (LogMAR) 0.59 (0.28) 0.62 (0.28) 0.70 (0.31)

Pseudophakic cases 8 (29 %) 13 (46 %) 10 (36 %)

Bevacizumab 26 (93 %)+ 21 (75 %) 1 (4 %)

Ranibizumab 2 (7 %) 7 (25 %) 27 (96 %)

Delay time 19.25 (10.47)*# 62.64 (18.55)**# 180.54 (62.8)**#

CNV choroidal neovascularization, SD standard deviation, VA visual acuity. Delay time: time between the diagnosis and the first intravitreal medication
injection. # significant difference between group 1 and group 3. * significant difference between group 1 and group 2. + one patient was treated with
bevacizumab in the loading phase and after that was treated with ranibizumab.

Group 1: patient with delay time<36 days (33.3 percentile); group 2: patient with delay time between 36 and 92 days (33.3 and 66.6 percentile); group 3:
patients with delay time>92 days (66.6 percentile)

Table 2 Regression model for change in visual acuity

A: Initial phase prior to first anti-VEGF injection. All variables are included

Variable Parameter estimate Standard error P -value

AVdx 9.176438 4.316455 0.037

Delay −0.4891728 −0.2255352 0.033

Delay2 0.0071017 0.003618 0.053

Delay3 −0.0000386 −0.0000196 0.052

Delay4 6.59E−08 3.34E−08 0.052

Age −0.0494113 0.0682915 0.472

Gender −2.240315 2.605684 0.393

Medication −3.653334 4.151343 0.382

Adj R-squared of model=0.57 F ( 8.76)=14.64

B: Initial and reactivation periods when only delay-variables are included

Intial period model P -value Reactivation period model P -value

Delay −0.446 (0.105) <0.0001 −0.275 (0.06) <0.0001

Delay2 0.0063 (0.002) 0.004 0.00128 (0.0005) 0.014

Delay3 −3.54E−05 (1.29E−05) 0.007 −2.76E−06 (1.12E−06) 0.022

Delay4 6.25E−08 (2.36E−08) 0.01 1.9E−09 (7.76E−10) 0.023

Adj R-squared 0..5564 0.8925

N 84 27

AVdx: The best-corrected visual acuity at the moment of diagnosis. Delay: time between the diagnosis and the first intravitreal medication injection.
Successive powers of the variable delay (delay2 , delay3 , delay4 ) were included in the model in order to prove if the VA change presents a linear
relationship with the delay or if a deceleration is observed as the delay increases
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57 % of the variability of the VA change is explained by the
variables in the model. The linear regression model was also
undertaken with data from eyes in the reactivation period. In
the reactivation phase, the baseline vision at diagnosis (VAdx)
did not correlate with outcome (p=0.46). It was only subse-
quent delay that was relevant to explain the variability of the
VA change.

The R2 adjusted of Eq.1 in the reactivation period is higher
than the respective coefficient in the initial phase (Table 2b).
This result may be attributed to the fact that the variable
‘delay’ in the reactivation phase reflects with better precision
the real delay between start of the reactivation process and
repeated drug administration, since patients visit or should
visit the ophthalmologist for regular monitoring.

A likelihood ratio (LR) test was conducted to examine if the
polynomicmodel is statistically different from the linear model.
The LR observed for the model estimated with eyes in initial
phase was 14.84 with 3° of freedom, and the one for the
reactivation phase was 20.67 with 2° of freedom, which thus
rejects the hypothesis of the linear model being similar to the

full model. In other words, the coefficients associated to the
variable delay raised from the power 2 to 4 are relevant to
explain the variability of the VA change. As it can be observed
in Fig. 2, the impact of the delay on the VAwas underestimated
with the linear model, especially in early times.

Discusion

Early treatment of n-AMD is critical to achieve best clinical
outcomes. We provide correlation between delay to both
initial anti-VEGF treatment and retreatment (associated with
administrative decisions and/or reasons intrinsic to the patient)
with deterioration of vision over time. We found a non-linear
decline in such vision loss. There is an initial rapid loss of
vision in the early period of disease, followed by a slowing in
the velocity of visual loss. The polynomial equations obtained
in this study predict a loss of one logMAR line (5 letters) in
less than 3 weeks. In contrast, Muether et al. [11] and Wong

Fig. 2 Left: Scatterplot of change inVA from diagnosis and time between
initial diagnosis and initiation of treatment (initial waiting-time). Right:
Scatterplot of change in BCVA from diagnosis of reactivation and time
between diagnosis of reactivation and subsequent intravitreal injection re-

treatment (waiting-time after reactivation). Linear and polynomial regres-
sion analysis are illustrated in both images. BCVA=best-corrected visual
acuity

Fig. 3 Change in VA predicted by the polynomial function in the reactivation phase and by the Shah equation in the initial phase. BCVA=best-corrected
visual acuity. Delay: time between the diagnosis and intravitreal injection
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et al. [13] both reported such decline at 3 months. As shown in
Fig. 2, we found the predicted values for the first-order equa-
tion underestimate the effect.

Shah et al. hypothesized that there is a uniform pattern
of visual acuity decline among untreated AMD patients,
and the apparent differences in the behavior of the un-
treated eyes in clinical trials arise from the differences in
time of entry to such studies [14]. Shah et al. proposed a
mathematical equation that initial VA is a major predictor
of the behavior of subsequent vision as a function of time
[14]. The clinical findings in our patients are compared
with the theoretical model of Shah et al. (Fig. 3). We
found the change in VA predicted by the polynomial
function in the reactivation phase is similar to the change
predicted by Shah’s equation, and primarily in the early
period of the natural history of n-AMD. The present study
provides clinical validation for Shah’s hypothesis, and it
demonstrated that the loss of visual acuity after reactiva-
tion shows the same behavior as at the onset of the
disease, but independent of visual acuity prior to
reactivation.

We observed that prolonged waiting for intravitreal treat-
ment had a major adverse impact on the recovery of vision
after the loading phase. Other authors have shown that the
vision that is lost after reactivation is rarely recovered fully
following treatment with anti-VEGF agents, and the regain of
lost vision is significantly higher when loss in VA had devel-
oped within the last month [15]. Thus, it is critical that oph-
thalmologists and health economies strive to shorten the time
to initial treatment and retreatment for anti-VEGFmedications
if visual gain is to be achieved in real-world care for n-AMD
patients

The rate of vision loss that occurs in the early period after
disease reactivation highlights the clinical need to closely
revaluate/monitor patients to ensure rapid diagnosis of and
immediate treatment of reactivation. Frequent monitoring,
which includes OCT imaging and prompt retreatment, are
needed to avoid poor outcomes which have observed in
clinical real-world care. [11, 13, 16].

The limitations of this study include our small patient
numbers and the fact that only distance VA was recorded.
There are other dimensions of vision function, such as contrast
sensitivity, near acuity, reading speed, and patient reported
outcomes which were not studied. Furthermore, OCT imaging
was not carried out in all patients.

In conclusion, knowledge of the changes in vision at
the time of presentation of n-AMD and following the
loading period with intravitreal anti-VEGF are clinically
important issues. Payers for healthcare and ophthalmolo-
gists need to be aware of the speed of vision loss in
patients with n-AMD in both the initial phase and the
reactivation of the disease. As n-AMD is a time-critical
disorder, every day that treatment is delayed counts,

whether by delay in diagnosis or impediment in access
to intravitreal medication.

Considerable service improvements to facilitate swift ac-
cess to anti-VEGF have been suggested [17–19]. Delays in
access to initial treatment and or re-treatment may result in
significant vision loss, and thus may negate much of the
therapeutic response to anti-VEGF dosing. This is a matter
of potential medico-legal and health economics significance.
Prompt detection of active n-AMD at disease onset and fol-
lowing reactivation should be considered a critical practice
point or red flag for ophthalmic systems of care. Once either
matter is detected, treatment with intravitreal anti-VEGF
should be considered as a matter of clinical urgency.
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