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and women); that is, estimates are in line with those
already presented for all whites of European ancestry. How-
ever, the 95% credible intervals are much wider (ie, less
precise) when the meta-analysis is restricted to US-only
studies. This is what we would expect. Restricting the
meta-analysis to US studies reduces the power, as the
number of participants and cases of AMD contributing
to the analysis is reduced.

DISCUSSION

WE PROVIDE THE MOST UP-TO-DATE ESTIMATES OF THE

number of new cases of late AMD among American whites
per year. We show an exponential rise in AMD incidence
with age and that women have a higher annual incidence
rate of late AMD compared to men. Although late AMD
incidence increases log-linearly with age, the absolute
number of incident cases of late AMD decreases beyond
the age of about 85 years because of increased mortality.
Owing to the limited number of prospective studies that

report incidence by age, sex, and AMD subtype, we chose
to estimate incidence from age-specific prevalence. However,
a key question is whether this is comparable to obtaining inci-
dence rates directly from a meta-analysis of prospective
studies. Unfortunately, incidence rates were not systemati-
cally reported in prospective studies and had to be estimated
from cumulative incidence and average duration of follow-up
(except for 1 study17). Approximating person-years of follow-
up for each study fromaggregated data (rather than individual
data) may make rate estimates less accurate, especially with a
disease that increases exponentially with age, in a population
with high rates of other morbidities and mortality. In addi-
tion, follow-up in elderly prospective studies is challenging.
There are a greater number of prevalence surveys that
included data at older ages, allowing AMD incidence to be
estimated over a wider age range by AMD subtype as well as
in men and women separately. However, deriving incidence
from prevalence requires a number of assumptions about the
population: first, that disease remains incurable; second,
that those with disease have similar mortality rates to those
without; and third, that risk factors for disease remain stable.
In terms of late AMD these assumptions are appropriate, as
the first is correct, there is currently no evidence to argue
against the second,27–29 and while risk factors may have
altered over time, particularly with reductions in cigarette
smoking and improved diets,30,31 occurrence of the disease
appears to have remained stable among studies with
preferred methodologies (ie, using fundus imaging and
international classification of disease)4,13,14 and our meta-
analysis did not elicit any trends in AMD incidence over
time (Table 2). Similarly, our meta-analysis of prevalence
studies over an extended period of 30 years4 did not show ev-
idence of any trends in late AMD prevalence over time. This
is consistent with recent evidence from serial data from the
National Health and Nutrition Examination Survey
(USA), which suggests that apparent declines in ‘‘any’’
AMD might be explained in part by methodological
differences between successive surveys.32 Figure 2 shows com-
parable estimates of incidence obtained directly from a
meta-analysis of incidence studies and those estimated from
age-specific prevalence obtained fromameta-analysis of prev-
alence estimates4 standardized to the American white
population demographics. Findings are further supported by
our sensitivity analysis, presented as a Supplemental Figure,

FIGURE 3. Graphs showing the annual incidence (estimated
from age-specific prevalence) as the number of new cases per
year in the American white population of late age-related macu-
lar degeneration (Top), geographic atrophy (Middle), and
neovascular age-related macular degeneration (Bottom). Men
are illustrated by open squares and women by solid circles.
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but within each 5-year age group incidence rates in Table 3
for GA appear similar in men and women and this is partly
owing to rounding. In those aged 65 years and older the inci-
dence rates of NVAMD within each 5-year age group are
higher in women than in men.

We carried out sensitivity analyses to test the assumption
of equal mortality in cases and non-cases of AMD in esti-
mating incidence from prevalence. If we assume substantial
differences in mortality of up to 20% higher or 20% lower
in cases of AMD, the incidence estimates are contained
within the 95% credible intervals presented in Table 3.

The Supplemental Figure (available at AJO.com) shows
the effect of differences in mortality 5%, 10%, and 20%
higher or lower on the age-sex-specific incidence rates. It
is noteworthy that a 20% higher or lower mortality is sub-
stantial, and the estimated age-sex annual incidence is
contained within the original 95% credible intervals.
If we restrict our previous meta-analysis of prevalence4 to

US studies only (13 prevalence studies), the point esti-
mates are included within the 95% credible interval
presented in tables based on all studies of white European
ancestry (30 prevalence studies that included both men

TABLE 3. Estimated Number of New Cases Each Year and Average Annual Incidence per 1000 of Age-Related Macular Degeneration
(Late Age-Related Macular Degeneration, Geographic Atrophy, Neovascular Age-Related Macular Degeneration) by 5-Year Age

Groups for Men and Women in the White American Population

Age Group (Years)

Number of New Cases per Year in 1000s (95% Cri) Estimated Annual Incidence per 1000 (95% Cri)

Late AMD GA NVAMD Late AMD GA NVAMD

Men

50–54 1.4 (0.8, 2.6) 0.9 (0.5, 1.6) 0.8 (0.5, 1.5) 0.2 (0.1, 0.3) 0.1 (0.1, 0.2) 0.1 (0.1, 0.2)

55–59 2.5 (1.4, 4.6) 1.6 (1.0, 2.7) 1.4 (0.8, 2.5) 0.3 (0.2, 0.6) 0.2 (0.1, 0.3) 0.2 (0.1, 0.3)

60–64 4.4 (2.4, 8.0) 2.8 (1.7, 4.6) 2.5 (1.5, 4.2) 0.6 (0.3, 1.1) 0.4 (0.2, 0.7) 0.4 (0.2, 0.6)

65–69 6.4 (3.5, 11.5) 4.1 (2.6, 6.5) 3.5 (2.1, 5.8) 1.3 (0.7, 2.3) 0.8 (0.5, 1.3) 0.7 (0.4, 1.1)

70–74 9.0 (5.1, 16.4) 5.8 (3.7, 9.2) 4.8 (2.9, 8.2) 2.5 (1.4, 4.5) 1.6 (1.0, 2.5) 1.3 (0.8, 2.3)

75–79 13.3 (7.5, 23.7) 8.6 (5.4, 13.8) 6.9 (4.1, 12.0) 4.9 (2.8, 8.8) 3.2 (2.0, 5.1) 2.6 (1.5, 4.4)

80–84 18.8 (10.7, 32.7) 12.3 (7.6, 20.1) 9.7 (5.7, 17.0) 9.5 (5.4, 16.6) 6.2 (3.9, 10.2) 4.9 (2.9, 8.6)

85–89 20.5 (11.8, 34.6) 13.7 (8.2, 22.6) 10.6 (6.2, 18.7) 17.7 (10.2, 29.8) 11.8 (7.1, 19.5) 9.1 (5.3, 16.1)

90þ 19.5 (11.9, 30.1) 13.6 (8.0, 22.4) 10.5 (6.1, 18.3) 33.4 (20.3, 51.5) 23.3 (13.7, 38.3) 18.0 (10.4, 31.4)

All ages 95.8 (55.1, 164.2) 63.3 (38.7, 103.5) 50.7 (29.8, 88.0) 2.4 (1.4, 4.2) 1.6 (1.0, 2.6) 1.3 (0.8, 2.2)

Women

50–54 1.6 (0.9, 3.0) 0.9 (0.5, 1.6) 1.0 (0.6, 1.8) 0.2 (0.1, 0.3) 0.1 (0.1, 0.2) 0.1 (0.1, 0.2)

55–59 3.0 (1.6, 5.4) 1.7 (1.0, 2.8) 1.8 (1.1, 3.2) 0.4 (0.2, 0.6) 0.2 (0.1, 0.3) 0.2 (0.1, 0.4)

60–64 5.3 (2.9, 9.8) 3.0 (1.8, 4.9) 3.3 (1.9, 5.5) 0.7 (0.4, 1.3) 0.4 (0.2, 0.7) 0.4 (0.3, 0.7)

65–69 8.0 (4.5, 14.6) 4.5 (2.9, 7.3) 4.8 (2.9, 8.0) 1.4 (0.8, 2.6) 0.8 (0.5, 1.3) 0.8 (0.5, 1.4)

70–74 12.2 (6.8, 21.9) 6.9 (4.4, 10.9) 7.0 (4.3, 12.0) 2.8 (1.6, 5.1) 1.6 (1.0, 2.5) 1.6 (1.0, 2.8)

75–79 19.7 (11.2, 35.0) 11.2 (7.1, 17.9) 11.2 (6.8, 19.2) 5.6 (3.2, 9.9) 3.2 (2.0, 5.1) 3.2 (1.9, 5.4)

80–84 32.6 (18.5, 55.7) 18.7 (11.7, 30.5) 18.2 (10.9, 31.5) 10.8 (6.1, 18.5) 6.2 (3.9, 10.1) 6.0 (3.6, 10.5)

85–89 43.5 (25.3, 71.7) 25.8 (15.8, 42.6) 24.5 (14.5, 42.3) 19.9 (11.6, 32.8) 11.8 (7.2, 19.5) 11.2 (6.6, 19.3)

90þ 53.5 (33.2, 80.9) 34.1 (20.7, 55.3) 31.7 (18.9, 53.5) 37.4 (23.2, 56.5) 23.8 (14.5, 38.6) 22.2 (13.2, 37.3)

All ages 179 (105, 298) 107 (66.0, 174) 104 (61.9, 177) 4.0 (2.3, 6.6) 2.4 (1.5, 3.8) 2.3 (1.4, 3.9)

Men and women

50–54 3.0 (2.0, 4.3) 1.5 (0.9, 2.4) 1.6 (1.0, 2.3) 0.2 (0.1, 0.2) 0.1 (0.1, 0.1) 0.1 (0.1, 0.1)

55–59 5.5 (3.8, 7.9) 2.8 (1.8, 4.2) 2.8 (1.9, 4.0) 0.3 (0.2, 0.5) 0.2 (0.1, 0.3) 0.2 (0.1, 0.2)

60–64 10.1 (6.9, 14.1) 5.1 (3.4, 7.3) 5.1 (3.5, 7.0) 0.7 (0.5, 1.0) 0.3 (0.2, 0.5) 0.3 (0.2, 0.5)

65–69 15.1 (10.5, 21.2) 7.7 (5.2, 10.8) 7.5 (5.3, 10.1) 1.4 (1.0, 2.0) 0.7 (0.5, 1.0) 0.7 (0.5, 0.9)

70–74 22.7 (15.8, 31.6) 11.6 (8.1, 16.4) 11.1 (8.0, 14.9) 2.9 (2.0, 4.0) 1.5 (1.0, 2.1) 1.4 (1.0, 1.9)

75–79 35.8 (24.9, 49.7) 18.5 (12.8, 26.4) 17.4 (12.4, 23.7) 5.7 (4.0, 8.0) 3.0 (2.1, 4.2) 2.8 (2.0, 3.8)

80–84 56.2 (39.3, 77.8) 29.7 (20.1, 43.2) 27.5 (19.4, 38.0) 11.3 (7.9, 15.6) 6.0 (4.0, 8.7) 5.5 (3.9, 7.6)

85–89 70.4 (49.6, 95.7) 38.7 (25.8, 57.3) 35.2 (24.3, 50.1) 21.0 (14.8, 28.6) 11.6 (7.7, 17.1) 10.5 (7.3, 15.0)

90þ 74.1 (54.2, 97.5) 44.3 (28.8, 65.9) 39.9 (26.9, 57.0) 36.7 (26.9, 48.4) 22.0 (14.3, 32.7) 19.8 (13.4, 28.3)

All ages 293 (207, 400) 160 (107, 234) 148 (103, 207) 3.5 (2.5, 4.7) 1.9 (1.3, 2.8) 1.8 (1.2, 2.5)

95% Cri ¼ Bayesian 95% credible interval; AMD ¼ age-related macular degeneration; GA ¼ geographic atrophy/dry AMD; NV ¼
neovascular/exudative/wet AMD.

Incidence estimated from prevalence for men and women combined is based on a meta-analysis of 30 prevalence studies, whereas esti-

mates stratified by sex are from a meta-analysis of 19 studies that reported AMD prevalence by sex.

Absolute number of new cases per year is calculated by multiplying the numbers in the second, third, or fourth column by 1000, (eg, total

number of cases of late AMD across all ages in men and women combined is 293 3 1000 ¼ 293 000).
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(Late Age-Related Macular Degeneration, Geographic Atrophy, Neovascular Age-Related Macular Degeneration) by 5-Year Age
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Age Group (Years)

Number of New Cases per Year in 1000s (95% Cri) Estimated Annual Incidence per 1000 (95% Cri)

Late AMD GA NVAMD Late AMD GA NVAMD

Men

50–54 1.4 (0.8, 2.6) 0.9 (0.5, 1.6) 0.8 (0.5, 1.5) 0.2 (0.1, 0.3) 0.1 (0.1, 0.2) 0.1 (0.1, 0.2)

55–59 2.5 (1.4, 4.6) 1.6 (1.0, 2.7) 1.4 (0.8, 2.5) 0.3 (0.2, 0.6) 0.2 (0.1, 0.3) 0.2 (0.1, 0.3)

60–64 4.4 (2.4, 8.0) 2.8 (1.7, 4.6) 2.5 (1.5, 4.2) 0.6 (0.3, 1.1) 0.4 (0.2, 0.7) 0.4 (0.2, 0.6)

65–69 6.4 (3.5, 11.5) 4.1 (2.6, 6.5) 3.5 (2.1, 5.8) 1.3 (0.7, 2.3) 0.8 (0.5, 1.3) 0.7 (0.4, 1.1)

70–74 9.0 (5.1, 16.4) 5.8 (3.7, 9.2) 4.8 (2.9, 8.2) 2.5 (1.4, 4.5) 1.6 (1.0, 2.5) 1.3 (0.8, 2.3)

75–79 13.3 (7.5, 23.7) 8.6 (5.4, 13.8) 6.9 (4.1, 12.0) 4.9 (2.8, 8.8) 3.2 (2.0, 5.1) 2.6 (1.5, 4.4)

80–84 18.8 (10.7, 32.7) 12.3 (7.6, 20.1) 9.7 (5.7, 17.0) 9.5 (5.4, 16.6) 6.2 (3.9, 10.2) 4.9 (2.9, 8.6)

85–89 20.5 (11.8, 34.6) 13.7 (8.2, 22.6) 10.6 (6.2, 18.7) 17.7 (10.2, 29.8) 11.8 (7.1, 19.5) 9.1 (5.3, 16.1)

90þ 19.5 (11.9, 30.1) 13.6 (8.0, 22.4) 10.5 (6.1, 18.3) 33.4 (20.3, 51.5) 23.3 (13.7, 38.3) 18.0 (10.4, 31.4)

All ages 95.8 (55.1, 164.2) 63.3 (38.7, 103.5) 50.7 (29.8, 88.0) 2.4 (1.4, 4.2) 1.6 (1.0, 2.6) 1.3 (0.8, 2.2)
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50–54 1.6 (0.9, 3.0) 0.9 (0.5, 1.6) 1.0 (0.6, 1.8) 0.2 (0.1, 0.3) 0.1 (0.1, 0.2) 0.1 (0.1, 0.2)
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70–74 12.2 (6.8, 21.9) 6.9 (4.4, 10.9) 7.0 (4.3, 12.0) 2.8 (1.6, 5.1) 1.6 (1.0, 2.5) 1.6 (1.0, 2.8)
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90þ 53.5 (33.2, 80.9) 34.1 (20.7, 55.3) 31.7 (18.9, 53.5) 37.4 (23.2, 56.5) 23.8 (14.5, 38.6) 22.2 (13.2, 37.3)

All ages 179 (105, 298) 107 (66.0, 174) 104 (61.9, 177) 4.0 (2.3, 6.6) 2.4 (1.5, 3.8) 2.3 (1.4, 3.9)
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75–79 13.3 (7.5, 23.7) 8.6 (5.4, 13.8) 6.9 (4.1, 12.0) 4.9 (2.8, 8.8) 3.2 (2.0, 5.1) 2.6 (1.5, 4.4)
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65–69 8.0 (4.5, 14.6) 4.5 (2.9, 7.3) 4.8 (2.9, 8.0) 1.4 (0.8, 2.6) 0.8 (0.5, 1.3) 0.8 (0.5, 1.4)

70–74 12.2 (6.8, 21.9) 6.9 (4.4, 10.9) 7.0 (4.3, 12.0) 2.8 (1.6, 5.1) 1.6 (1.0, 2.5) 1.6 (1.0, 2.8)

75–79 19.7 (11.2, 35.0) 11.2 (7.1, 17.9) 11.2 (6.8, 19.2) 5.6 (3.2, 9.9) 3.2 (2.0, 5.1) 3.2 (1.9, 5.4)

80–84 32.6 (18.5, 55.7) 18.7 (11.7, 30.5) 18.2 (10.9, 31.5) 10.8 (6.1, 18.5) 6.2 (3.9, 10.1) 6.0 (3.6, 10.5)

85–89 43.5 (25.3, 71.7) 25.8 (15.8, 42.6) 24.5 (14.5, 42.3) 19.9 (11.6, 32.8) 11.8 (7.2, 19.5) 11.2 (6.6, 19.3)

90þ 53.5 (33.2, 80.9) 34.1 (20.7, 55.3) 31.7 (18.9, 53.5) 37.4 (23.2, 56.5) 23.8 (14.5, 38.6) 22.2 (13.2, 37.3)

All ages 179 (105, 298) 107 (66.0, 174) 104 (61.9, 177) 4.0 (2.3, 6.6) 2.4 (1.5, 3.8) 2.3 (1.4, 3.9)

Men and women

50–54 3.0 (2.0, 4.3) 1.5 (0.9, 2.4) 1.6 (1.0, 2.3) 0.2 (0.1, 0.2) 0.1 (0.1, 0.1) 0.1 (0.1, 0.1)

55–59 5.5 (3.8, 7.9) 2.8 (1.8, 4.2) 2.8 (1.9, 4.0) 0.3 (0.2, 0.5) 0.2 (0.1, 0.3) 0.2 (0.1, 0.2)

60–64 10.1 (6.9, 14.1) 5.1 (3.4, 7.3) 5.1 (3.5, 7.0) 0.7 (0.5, 1.0) 0.3 (0.2, 0.5) 0.3 (0.2, 0.5)

65–69 15.1 (10.5, 21.2) 7.7 (5.2, 10.8) 7.5 (5.3, 10.1) 1.4 (1.0, 2.0) 0.7 (0.5, 1.0) 0.7 (0.5, 0.9)

70–74 22.7 (15.8, 31.6) 11.6 (8.1, 16.4) 11.1 (8.0, 14.9) 2.9 (2.0, 4.0) 1.5 (1.0, 2.1) 1.4 (1.0, 1.9)

75–79 35.8 (24.9, 49.7) 18.5 (12.8, 26.4) 17.4 (12.4, 23.7) 5.7 (4.0, 8.0) 3.0 (2.1, 4.2) 2.8 (2.0, 3.8)

80–84 56.2 (39.3, 77.8) 29.7 (20.1, 43.2) 27.5 (19.4, 38.0) 11.3 (7.9, 15.6) 6.0 (4.0, 8.7) 5.5 (3.9, 7.6)

85–89 70.4 (49.6, 95.7) 38.7 (25.8, 57.3) 35.2 (24.3, 50.1) 21.0 (14.8, 28.6) 11.6 (7.7, 17.1) 10.5 (7.3, 15.0)

90þ 74.1 (54.2, 97.5) 44.3 (28.8, 65.9) 39.9 (26.9, 57.0) 36.7 (26.9, 48.4) 22.0 (14.3, 32.7) 19.8 (13.4, 28.3)

All ages 293 (207, 400) 160 (107, 234) 148 (103, 207) 3.5 (2.5, 4.7) 1.9 (1.3, 2.8) 1.8 (1.2, 2.5)

95% Cri ¼ Bayesian 95% credible interval; AMD ¼ age-related macular degeneration; GA ¼ geographic atrophy/dry AMD; NV ¼
neovascular/exudative/wet AMD.

Incidence estimated from prevalence for men and women combined is based on a meta-analysis of 30 prevalence studies, whereas esti-

mates stratified by sex are from a meta-analysis of 19 studies that reported AMD prevalence by sex.

Absolute number of new cases per year is calculated by multiplying the numbers in the second, third, or fourth column by 1000, (eg, total

number of cases of late AMD across all ages in men and women combined is 293 3 1000 ¼ 293 000).

90 JULY 2015AMERICAN JOURNAL OF OPHTHALMOLOGY

RUDNICKA	,	Am	J	Ophthalmol 2015;160(1):85–93.	

Prevalence UK	age >50	(UK	64M	vs	FR	66M)	:
• Prevalence GA	1.3%	&	NV-AMD	1.2%	
• Approx.	276	000	GA	&	263	000	NV-AMD

• Owen,	Br	J	Ophthalmol 2012;96:752e756	



Virtual	clinics

• Non-doctor lead	‘virtual’	clinics approximately 40%	of	AMD	appointments.	

• Average time	a	patient	spent in	the	virtual clinic 47.3’	vs.	71.4’		for	a	
conventional visit

treatment where close follow-up and
treatment are secured. The agreement
among the two retinal specialists
appears to be satisfactory. The variant
evaluation in the presence or absence
of IRF could be due to the presence of
intraretinal cysts, whose activity was
appraised differently by the two spe-
cialists or the presence of hyper-reflec-
tive spots. The discrepancy in the
management plan could be attributable
to the different estimation of the activ-
ity of the lesions found on the OCT.

The mean time between two
appointments (follow-up or treatment)
was decreased after the application of
the virtual clinics. The number of the
appointments significantly increased,
and the new model appeared to attri-
bute to a less time-consuming work
flow that proved adequate for the
amplified necessities. As for the actual
medical outcome of the new model, it
can be assessed as a successful one
because the percentage of patient with
a significant BCDVA gain was signif-
icantly greater. Furthermore, the num-
ber of treatments was comparable not
arising any further safety issues.

The waiting time for AMD patients,
usually of advanced age, appreciably
reduced. This is a quite important
parameter because short visits usually
do not discourage elderly patients to
suspend their necessary though frequent
appointments for finest monitoring this
distressing clinical entity. Our results
corroborate previous reports that con-
firmed that monitoring AMD patients
through non-physical contact with the
patient could be equally safe approach
(Zhang et al. 2007; Ritter et al. 2011).

It is quite difficult to compare the
two periods on a basis of case–con-
trol analysis because the discrimina-
tion of conventional and ‘virtual’
regards only appointments and not
patients. Most of our patients (the
vast majority) had both types of
appointments during the two periods.
Consequently, we consider that the
efficiency and safety of the proposed
model cannot be tested through a
classic case–control study.

To our knowledge, this is the first
report about the efficacy of the ‘virtual’
clinic model. The implementation of
virtual AMD clinics has facilitated our
service to contend with the capacity
issues. The virtual clinic model can
potentially have a rational application
in other subspecialties as glaucoma
(Trikha et al. 2012) and diabetic mac-
ulopathy. Overall, the optimization of
this promising model and the ensuring
of its safety and efficacy inevitably have
to be further evaluated through larger-
scale studies.
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TELEMEDICINE	

and one patient had a retinal hemorrhage detected in
office examination, which was not detected during
remote evaluation of the retinography images.
The average time spent on telemedicine evaluations

was 1 minute 21 seconds (range, 11 seconds–4 minutes
20 seconds). Compared with the 10 minutes assigned
for office examinations, the difference reached signif-
icance (P , 0.001).

Discussion

The strict schedule of office visits and intravitreal
injections required for adequate treatment of patients
with exudative AMD has encouraged clinicians and
investigators to identify alternative individualized
dosing regimens to follow up and treat patients.5–7

The individualized regimens have partly improved

Fig. 2. Graphic user interface of the DICOM ClearCanvas visualizer.

Table 1. Comparison Between Office and Remote Assessments

Office Assessment Remote Assessment

Retreatment, n (%)
No 114 (57) 100 (50)
Yes 87 (43) 101 (50)

Indications for retreatment, n (%)
Persistent macular fluid 40 (46) 50 (49)
Visual acuity loss with macular fluid 37 (43) 46 (46)
Visual acuity loss with macular fluid and new-onset macular hemorrhage 6 (7) 3 (3)
New-onset macular hemorrhage 1 (1) 0
Macular fluid with new-onset macular hemorrhage 3 (3) 2 (2)

Evaluation time 10 minutes 1 minute 21 seconds

282 RETINA, THE JOURNAL OF RETINAL AND VITREOUS DISEASES ! 2016 ! VOLUME 36 ! NUMBER 2

• Sensitivity &	specificity:	96%	&	85%	
• Average time	spent:	1’21’’	vs.	10’	on	office	(P	,	0.001)
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Prospective Evaluation of Teleophthalmology
in Screening and Recurrence Monitoring of Neovascular
Age-Related Macular Degeneration
A Randomized Clinical Trial
Bo Li, MD; Anne-Marie Powell, RN; Philip L. Hooper, MD; Thomas G. Sheidow, MD

IMPORTANCE Teleophthalmology has the potential to reduce costs and inconveniences
associated with frequent patient visits. Evaluating teleophthalmology in the management of
age-related macular degeneration (AMD) will allow for future implementation of this
technology.

OBJECTIVE To evaluate teleophthalmology as a tool for the screening and monitoring of
neovascular AMD.

DESIGN, SETTING, AND PARTICIPANTS Prospective, randomized clinical trial that included 106
referral eyes for suspected neovascular AMD and 63 eyes with stable neovascular AMD. New
referrals for patients with suspected neovascular AMD and patients with stable neovascular
AMD were randomized into either routine or teleophthalmologic groups. In the routine
group, patients received clinical assessment and diagnostic imaging at a tertiary
hospital–based retina clinic. In the teleophthalmologic group, patients received basic
examination and diagnostic imaging at a stand-alone teleophthalmologic site, where patient
information and imaging studies were acquired and electronically sent over to tertiary
hospital–based retina specialists. Patients in the teleophthalmologic group were called back
to the tertiary treatment center if the teleophthalmologic data set suggested pathology or
was inconclusive for diagnosis.

MAIN OUTCOMES AND MEASURES Patient wait times for diagnosis and/or treatment, referral
accuracy, and visual outcome.

RESULTS For neovascular AMD screening, the average referral-to-diagnostic imaging time
was 22.5 days for the teleophthalmologic group and 18.0 days for the routine group, for a
difference of 4.5 days (95% CI, 11.8 to −2.8 days; P = .23). The average diagnostic imaging to
treatment time was 16.4 days for the teleophthalmologic group and 11.6 days for the routine
group, for a difference of 4.8 days (95% CI, 10.7 to −1.1 days; P = .11). For neovascular AMD
monitoring, the average recurrence to treatment time was shorter for the routine group
(0.04 days) compared with 13.6 days for the teleophthalmologic group, for a difference of
−13.5 days (95% CI, −18.2 to −9.0 days; P < .01). There was no difference identified between
end-of-study visual acuities in the 2 groups (P = .99).

CONCLUSIONS AND RELEVANCE A delay of referral to treatment time could not be identified
when comparing teleophthalmologic screening for suspected neovascular AMD with retinal
specialist–based screening. Teleophthalmologic monitoring for neovascular AMD recurrence
resulted in longer wait times for treatment reinitiation, but no adverse visual outcomes were
identified.
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JAMA Ophthalmol. 2015;133(3):276-282. doi:10.1001/jamaophthalmol.2014.5014
Published online December 4, 2014.

CME Quiz at
jamanetworkcme.com

Author Affiliations: Ivey Eye
Institute, Western University,
London, Ontario, Canada.

Corresponding Author: Bo Li, MD,
Ivey Eye Institute, Western
University, 268 Grosvenor St,
London, ON N6A 4V2, Canada
(bo.li@londonhospitals.ca).

Research

Original Investigation

276 (Reprinted) jamaophthalmology.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by Biblioth?que Javal on 07/05/2017

• Average imaging to	treatment time
– 16.4	vs.	11.6	days for	the	routine	group	(P	=	.11)

• Average recurrence to	treatment time	
– 13.6	days vs.	0.04	days (P	<	.01)

• no	adverse	visual outcomes were identified.	

JAMA	Ophthalmol.	2015;133(3):276-282	



Handheld portable	non-mydriatic
fundus	camera

• 63%	excellent	overall	quality,	20.5%	good,	11.75%	fair

• 4.75%	were	inadequate	

Fundus camera operation
After the optical attachment (Fig. 1, component 1) is
attached to the control unit (Fig. 1, component 2)
and setup is completed, the user can start taking im-
ages. The following steps are to be followed: Choose
fixation LED position and ask the patient to look at
the fixation LED. Hold the control unit with one
hand, and use the other hand to hold the front side
of the optical attachment. Maintain the optical attach-
ment at the same height of the eye being examined.
To stabilize the optical attachment, the user should
rest the optical attachment on the part of the hand
between the thumb and index finger, and put the
thumb and index finger on the examinee’s forehead,
as shown in the Fig. 2b. After finding the optic disc,
the image optimization will be done by using the
focus adjustment keys of the control unit to adjust
the focal distance. The distance from the lens tip to
the cornea is 24 mm. Finally, the user presses the OK
button to take photographs. The captured image will
be shown on the screen and subsequently saved on
the SD card.

Clinical testing
In all, 254 patients (age range, 9–84 years) who were
willing to undergo photography by two types of
cameras were recruited at the Eye Center of Second
Affiliated Hospital of Zhejiang University, China. A
handheld non-mydriatic DEC200 fundus camera
(MiiS, Taiwan) and a tabletop TRC-NW8 fundus cam-
era (TopCon Medical Systems, Tokyo, Japan) were
used to photograph 400 eyes from these 254 patients.
The patients were not pharmacologic mydriasis for the
portable camera Miis DEC200. And the patients
performed imaging with TopCon TRC-NW8 camera
30 min after pharmacologic dilation with tropicamide
1% eyedrops. Images from both the cameras were
acquired on the same day. This allowed for direct

pathologic identification and comparisons between the
two camera types. Patients were recruited over a
period of 3 months. The characteristics of two types of
fundus cameras were detailed in Table.1. Color fundus
photographs were taken by two doctors working in the
ophthalmological units. The patients were seated in a
dark room (approximately 3 lx, to induce physiologic
mydriasis) during the photography for both cameras.
The portable fundus camera was fixed with an eyecup
(Fig. 1, component 3) on component 1 to achieve
physiologic mydriasis and improve the maneuvering
stability.

Fundus photographic quality assessment
A previous study reported that visibility of the macular
vessels is a good indicator of image clarity. [11] There-
fore, the image quality grading scheme with the four
image clarity classifications was used for assessing the
quality of fundus images captured by the two types of
cameras. One senior retina specialists (Z.S.) and one
junior retina specialists (K.J.) assessed and diagnosed
with the images independently using a 0.275 mm per
pixel monitor at a viewing distance of about 30 cm.
The graders were masked to the other grader’s assess-
ment and any patient-related data. Disagreement of 36

Table 1 Characteristics of the fundus cameras
Miis DEC200 TopCon TRC-NW8

Dimension 16 × 9 × 20 cm 32 × 53 × 57 cm

Weight 0.4 kg 26 kg

Angle of View 60° 60°

Light Source Infrared & white LED Halogen lamp & Xe tube

Diopter Compensation -20 D ~ +20 D +11 D ~ +33 D

Resolution 8 megapixels 18 megapixels

Price 4500 $ 50,000 $

Fig. 2 (a) Optical configuration of the prototype camera (distances between components are approximated). The components are specified as follows: (1)
human eye, (2) front objective lens, (3) condensing lens, (4) visible light emitting diode (LED) unit and xenon flash tube, (5) macro lens. This configuration
allows a reflection-free, 60° field–of-view of the fundus in an external housing that can be attached to an LCD monitor with a CMOS sensor that maintains
hand-held, point-and-shoot operation. (b) Operation of the non-mydriatic portable fundus camera while screening retinal diseases

Jin et al. BMC Ophthalmology  (2017) 17:89 Page 3 of 7

Advancements in telemedicine, particularly via port-
able devices, likely hold the solution to photograph
patients who are very ill or very young to sit at a table-
top camera. Moreover, it allows doctors to review photo-
graphs in a timely fashion. [6] Lamirel et al. indicated
that portable fundus photography could complement
ophthalmologic consultations in emergency medicine
settings. [7] Martha et al. showed that teleretinal screen-
ing by smartphone fundus photography could detect
disease in patients who may not have access to ophthal-
mologic care. [8] However, these portable devices are
not easy to handle comparing with tabletop camera and
lack of high quality images on the other hand.
However, a newly described technique using port-

able cameras has offered low-cost screening, especially
with personnel shortages and limited photographic
equipment. [9, 10] We present a new kind of handheld
portable non-mydriatic fundus camera and compare
its effectiveness with the tabletop fundus camera. We
also show the feasibility of using such a camera in a
variety of clinical situations including teleretinal
screening.

Methods
The Medical Ethic Committee of the Second Affiliated
Hospital, Zhejiang University School of Medicine ap-
proved this study, and it was compliant with Declaration
of Helsinki. All participants signed an informed consent
before participation in the study.

General design description of a handheld fundus camera
Ocular fundus camera is based on the principle of indirect
ophthalmoscopy. We design a portable optical system
based on this imaging principle that is composed of a
two-part modular system: an optical attachment that

integrates all of the optical components necessary to pro-
duce the fundus image (Fig. 1, component 1), and a 3.5-in.
full-color TFT-LCD touch panel with a high-definition
complementary metal-oxide-semiconductor (CMOS) sen-
sor that can compose, capture, and store the fundus
image (Fig. 1, component 2). A detailed schematic dia-
gram of the components within the optical attachment
component is shown in Fig. 2a. A front objective lens
was positioned at a working distance of 24 mm from
the front of the eye. This lens was used to simultan-
eously relay light rays toward the eye, collect the
reflected light, and provide a magnified view of the fun-
dus. All camera components were designed and built
by Medimaging Integrated Solution Inc. (MiiS, Taiwan).
The final prototype of the portable fundus camera mea-
sured approximately 160 × 90 × 200 mm.

Fundus imaging
The function of the optical attachment was to provide
the imaging path (Fig. 1, component 1) to capture an
image of the retina. A 20-diopter (D) indirect ophthal-
mic lens (Fig. 2a, component 2) owing a 60° field of
view was used as the front objective lens of the fundus
camera. The camera has a number of desirable features
including a large 8-megapixel (MP) CMOS sensor,
rapid automatic focus and exposure abilities, live view
imaging, interchangeable lensing, and built-in image
stabilization. The front objective lens, which operates
with a working distance of 24 mm, is placed co-axially
from the front lens of the consumer. The variability in
axial length and refractive error in patients’ eyes are
corrected by the auto-focus mechanism of the fundus
camera. Retinal illumination is provided by a white light
emitting diode (LED) (Fig. 2a, component 3).

Fig. 1 General diagram of the portable fundus camera prototype. The design is separated into two components: (1) an attachment housing optical
components and (2) a liquid crystal display (LCD) monitor with a complementary metal-oxide semiconductor (CMOS) sensor. (3) An eyecup can be
fixed with on component 1

Jin et al. BMC Ophthalmology  (2017) 17:89 Page 2 of 7
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Home	monitoring	device

• Patients	with intermediate AMD	using a	
home	monitoring	device have	less loss of	
visual acuity,	on	average,	at	detection of	
CNV	than standard	care	monitoring	

Copyright 2015 American Medical Association. All rights reserved.

8, 2010, and May 20, 2011. Potentially eligible study partici-
pants completed the written informed consent process and re-
mained eligible if they were fluent in written and spoken Eng-
lish and they reported the ability to correctly use a standard
computer mouse without assistance. Analysis was per-
formed between August 1, 2011, and January 11, 2014.

In-Clinic Qualification Test: Reliability Parameters
and Test Score
Study participants completed an in-office qualification test
using their study eye and the home device. A standardized pro-
tocol was followed to perform the qualification test (eAppen-
dix in the Supplement). The protocol included a short expla-
nation by the study coordinator, explanatory tutorial
administered through the device, a trial or practice test ad-
ministered through the device (an opportunity to mark areas
of artificial distortion), a period for the participant to ask the
coordinator questions, and the actual qualification test. This
process, including the tutorial, took about 20 minutes per study
eye; all participants were tested by a single coordinator (M.T.).
Medical records were reviewed for all patients who com-
pleted an in-office qualification test to record baseline char-
acteristics, such as participant age and sex, as well as visual
acuity in the study eye.

Review of Patients Unable to Initiate Home Monitoring
Six months following completion of study enrollment, a ret-
rospective review of the ophthalmic medical records, includ-
ing imaging data when available, was performed for all pa-
tients who were unable to initiate home monitoring with the
device (had unreliable test results, failed the qualification test,
or did not establish a baseline) to determine how many eyes
developed CNV.

Statistical Analysis
Data were analyzed with Excel 2007 (Microsoft Corporation)
and Prism, version 5 (GraphPad Software, Inc). Descriptive
analyses included the generation of means and standard de-
viations for variables of interest. Paired t tests were applied to
examine changes in the variables.

All P values presented are based on 1-sided tests. All
analyses were conducted using Excel 2007 (Microsoft
Corporation).

Results
All 131 patients completed the in-office qualification test, of
which 129 (98.5%; 95% CI, 96.4%-99.9%) had a reliable test
score. Ninety-one (69.5%; 95% CI, 61.6%-77.4%) had a reli-
able test score and achieved a score at or below the threshold
to qualify to initiate monitoring via the home device (Figure 2).

Baseline characteristics of the 91 individuals who quali-
fied to initiate home testing are compared with the 40 partici-
pants who did not qualify (Table). Younger participants were
more likely to qualify for home testing (mean [SD] age, 73.1 [8.4]
vs 81.1 [7.1] years; P < .001). Visual acuity at study enrollment
did not appear to be associated with successful qualification

(mean visual acuity for those who did and did not qualify was
20/28 and 20/31, respectively; P = .10).

Establishing a Baseline
The 91 study participants who qualified to initiate home test-
ing received the device at their home; 89 participants com-
pleted the setup of the device, while 2 elected not to partici-
pate. Five participants withdrew from the study after setting
up the device but prior to performing their first home test ses-
sion. One participant withdrew from the study after setting up
the device and performing 2 home test sessions.

The remaining 83 participants (93.3%; 95% CI, 88.0%-
98.5%) started the series of test sessions needed to attempt to
establish a baseline value. In 74 of these participants (89.2%;
95% CI, 82.5%-95.8%), the average of their first 5 test scores
was below the threshold score and they were judged able to
establish a baseline. Eight participants had an average test score
that met the criteria to extend the baseline test session num-
ber to 11 tests; 6 of these 8 participants were able to establish
a baseline and continued home device monitoring.

Eighty of the 91 individuals who qualified (87.9%; 95% CI,
81.2%-94.6%) to initiate home test sessions did establish a base-
line value, which would permit further monitoring for the de-
velopment of neovascular AMD (Figure 2). Characteristics of
the 3 individuals who did not establish a baseline value (after

Figure 1. Patient Using the Preferential Hyperacuity Perimetry Device

When using the home monitoring device, the patient places his or her head on
the device hood to look onto the screen and uses a standard computer mouse.
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layer. The simple transformation in ReLU layers can greatly accelerate the CNN training 
process [38]. 

The initial CNN layer weights are randomly selected. The training set is split into mini-
batches, with B images per batch. Given a batch of training patches, the CNN uses multiple 
convolution and pooling layers to extract features and then classify each patch based on the 
probabilities from the soft max classification layer. After that, the CNN calculates the error 
between the classification result and the reference label, and then utilizes the backpropagation 
process [55] to tune all the layer weights to minimize this error. The above process will be 
repeated several epochs, until the whole CNN model becomes convergent. Here, an epoch is 
defined as when all batches have been seen, and multiple epochs are used for training [41]. 
More details about the CNN model can be found in [56]. 

3. CNN-GS framework for OCT segmentation 
We propose the CNN-GS method, which combines CNN and graph search models for the 
automatic segmentation of OCT images. The CNN-GS method is composed of two main 
parts: 1) CNN layer boundary classification; and 2) graph search layer segmentation based on 
the CNN probability maps. The outline of the proposed CNN-GS algorithm is illustrated in 
Fig. 3. 

 

Fig. 3. Outline of the proposed CNN-GS algorithm. 

3.1 CNN layer boundary classification 

Since there are variations in intensity ranges between OCT images, we first perform intensity 
normalization on both the training and testing images. Following the intensity normalization 
method in [32], we first rescale the intensity values of the B-scan X, XI , to be between [0, 1] 
as follows: 

 X min max min( ) / ( ),I I I I− −  (2) 

where maxI  and minI  stand for the maximum and minimum values in the B-scan X, 
respectively. We then apply a median filter with a mask of size 20 × 2. Next, we find the 
maximum pixel intensity value mI  from the whole filtered B-scan. We set the value of all 

pixels in the unfiltered intensity scaled B-scan that are larger than 1.05 × mI  to 1.05 × mI . 
Finally, the intensity values of all pixels are normalized by dividing by the max value in the 
B-scan. Then, we train a CNN to extract features of specific retinal layer boundaries and to 
classify nine layer boundaries on OCT images. Specifically, we assign labels “1-9” to layer 
boundaries from “ILM” to “BrM”. Any pixels that are not on the target layer boundaries, 
either in or out of the retina, are assigned the label “0”. In the training step, we first extract 
patches (of size 33 × 33 pixels) centered on each pixel of nine manually segmented layer 
boundaries from OCT B-scans. These extracted patches are regarded as the positive training 
samples (with labels “1-9”). In addition, for each A-scan of the OCT B-scans, we randomly 
select one pixel from non-boundary regions (e.g. layer or background regions) and extract its 
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• Comparing humans and deep learning performance	for	grading AMD
– 5664	color fundus	images	from the	NIH	AREDS	dataset and	DCNN	universal features,	

accuracy for	the	(4-,	3-,	2-)	class	classification	problem:
– 79.4%,	81.5%,	93.4%	for	machine	vs.	75.8%,	85.0%,	95.2%	for	physician grading
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Apport	de	la	proposition	ou	d’un	
modèle	:	(1-5	par	item,	note	/25)

A. Sur	la	place	médicale	de	l’OPH	
• Moins	de	« sémiologie »	+	de	« santé	publique »

B. Sur	la	place	économique	de	l’OPH	
• Peu	de	changement	voir	mieux	si	oph reste	celui	qui	contrôle

C. Sur	l’équilibre	des	acteurs	de	la	filière	
• Dépend	de	la	mise	en	œuvre	:	en	faveur	de	celui	qui	met	en	place
• Besoin	de	moins	d’oph qu’en	absence	d’aide	technologique

D. Sur	sa	faisabilité	politique	/	économique	/	universitaire	(capacités	de	
formation)	
• « Vouloir	c’est	pouvoir »

E. Sur	la	réponse	aux	besoins	de	la	population
• Peut	faciliter	et	répondre	au	problèmes	d’accès	


