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Abstract
Background/Objectives Patients undergoing intravitreal injections for nAMD are often anxious about early detection of
nAMD in their fellow eyes. The purpose of this study was to evaluate a home-based telephone method for helping patients to
monitor for symptoms of second eye involvement.
Subjects/Methods Using a five-staged evaluation tool, telephone-assisted evaluations were repeatedly performed on the
patients’ fellow eyes every 4 weeks for 1 year. A decision on presence or absence of nAMD was made after each telephone
evaluation. Slitlamp examination and OCT scan were performed at 3, 6, 9 and 12 months or whenever nAMD was suspected
from the telephone evaluation. The sensitivity and specificity values were calculated from the true and false positive and
negative rates of each of the five composite stages.
Results In total, 514 telephone episodes comprising 2570 evaluations were conducted on fellow eyes of 50 patients over one
year. Three patients (6%) developed nAMD in fellow eyes. The sensitivity of all of the stages was low (33.3%). The
specificity of the five stages ranged from 91.3% to 98.6%. The highest specificity was achieved by the near acuity
component of the tool.
Conclusions We were unable to demonstrate a high sensitivity for the five-staged tool but the near acuity component of this
tool had a very high specificity. This could have potential for “ruling out” nAMD and reducing the burden of false positive
episodes for a large group of patients who are at risk of developing nAMD in their second eyes.

Introduction

Neovascular Age Related Macular Degeneration (nAMD) is
a major cause of vision loss [1]. The era of intravitreal
therapy has significantly reduced the burden of severe
visual loss as evidenced by data from multiple countries
showing a reduction in the incidence of legal blindness in
recent years [2–5]. Despite treatment, however, significant
numbers of patients still suffer moderate visual loss over-
time as well as loss of functional skills such as reading
ability, ability to drive or other daily activities [6]. This can

be associated with a reduction in quality of life and
depression [7, 8].

nAMD often occurs in one eye initially but there is an
estimated 10–12% risk of second eye involvement every
year, with some studies suggesting over 50% involvement
over 3–5 years [9–12]. The onset of second eye involve-
ment is often a devastating blow for the patient not only
because of the need for bilateral intravitreal injections and
more frequent hospital visits, but also the prospect of severe
visual loss in both eyes and reduction in quality of life.

Numerous studies have shown that early detection and
intervention with intravitreal therapies is associated with a
better final visual acuity [11, 13–16]. More recently, studies
using Optical Coherence Tomography Angiography have
shown the presence of latent, occult choroidal neovascu-
larisation (CNV) which may cause more subtle symptoms
and be more difficult for patients to monitor [17, 18]. The
emergence of longer acting agents and longer intervals
between hospital visits may increase the risk of missing
early activity in the fellow eye. Recent recommendations

* William Fusi-Rubiano
William.fusi-rubiano@nhs.net

1 Ophthalmology Department, New Cross Hospital,
Wolverhampton WV10 0QP, UK

2 School of Life & Health Sciences, Aston University,
Birmingham B4 7ET, UK

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-020-01364-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-020-01364-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-020-01364-2&domain=pdf
http://orcid.org/0000-0002-5893-1241
http://orcid.org/0000-0002-5893-1241
http://orcid.org/0000-0002-5893-1241
http://orcid.org/0000-0002-5893-1241
http://orcid.org/0000-0002-5893-1241
http://orcid.org/0000-0002-5392-5133
http://orcid.org/0000-0002-5392-5133
http://orcid.org/0000-0002-5392-5133
http://orcid.org/0000-0002-5392-5133
http://orcid.org/0000-0002-5392-5133
mailto:William.fusi-rubiano@nhs.net


suggest examination of fellow eye every 3–4 months,
including OCT assessments, with self-monitoring at home
in between visits [19]. There is an unmet need for effective
home monitoring for early symptoms of nAMD especially
for second eyes of patients with unilateral nAMD.

Methods for self-detection of nAMD have been eval-
uated by several, however, no gold standard exists [20–24].
We report the findings of a pilot study which evaluated the
usefulness of a 5 component telephone evaluation method
for detecting the presence or absence of nAMD in the
second eyes of patients undergoing therapy for nAMD in
their first eyes.

Methods

Prior approval from our local ethics committee was obtained
for this single centre, prospective study. Patients attending
regular visits for treatment of unilateral nAMD were given
an information sheet and invited to participate. Patients had
to have reduced vision in one eye due to nAMD but better
vision in the fellow eye which had not been affected by
nAMD (study eye). After written, informed consent was
obtained from each participant; their eligibility was deter-
mined by evaluating both eyes using LogMAR ETDRS
charts (distance acuity), Bailey-Lovie reading charts (near
acuity), dilated slit-lamp examination, OCT scan and fundus
fluorescein angiography.

For this pilot study design, the established second eye
conversion rate of 10% per year was expected and a sample
size of 50 patients was used to yield about 5 conversions in
12 months of prospective follow up. During the study,
patients were contacted by telephone every 4 weeks to
determine if they had symptoms of CNV in their study eyes.
They also attended hospital for examination and OCT scan
every 3 months. To reduce the burden of visits for patients,
the study eye visits were scheduled to coincide with fellow
eye visits whenever possible as the majority of patients still
had frequent visits for their first (fellow) eyes on a treat and
extend or PRN regimen. Telephone consultations continue
independently of the scheduled hospital visits. Any suspi-
cion of nAMD in the second eye from a telephone enquiry
or a hospital visit would trigger an OCT scan with or
without another fluorescein angiogram to determine the
presence or absence of second eye involvement in the study
eye. Patients with nAMD in their second eyes, diagnosed
during the study, would exit from the study and immedi-
ately transferred to our hospital macular service for treat-
ment of their first and second eyes with bilateral intravitreal
anti-VEGF injections.

A standard five component evaluation was used for each
telephone contact to determine if patients had symptoms of
nAMD in their study eye. The first three stages were history

based and involved asking the following questions: (1)
Have you experienced any symptoms of increased blurring
of vision recently?, (2) Have you experienced any symp-
toms of increased difficulty with reading recently?, (3) Have
you experienced any symptoms of increased distortion
recently? An affirmative response to any of these three
questions would trigger a hospital visit.

The fourth component was the Amsler chart test with the
patient seated at a table or desk, the nonstudy eye covered
with a patch and using their habitual reading spectacles with
a reading lamp. They were then asked if they were aware of
any new distortion whilst looking at the centre spot on the
Amsler grid. Any existing distortion was described by the
patient and documented on a mark sheet by the interviewer
for future reference. To determine whether distortion was
new or pre-existing during a telephone call, the patient was
asked to mark the area of distortion and to locate the area of
any distortion by counting the squares from the vertical and
horizontal edges. If distortion was present, the patient would
describe the location and size of the distorted area by number
of squares so that this could be documented on the Amsler
chart in the clinical record form. This enabled the examiner to
remind the patient what they had described the previous
month and to compare for any potential change. Any new
distortion would trigger a hospital check-up.

The fifth component was a quantitative reading test
administered by the patients themselves, immediately fol-
lowing the Amsler test, using the same reading spectacles and
the patch over the nonstudy eye, and using an A4 modified
Bailey-Lovie reading test designed specifically for the study.
The reading test design composed of three paragraphs of
random text composed of a combination of four, seven, and
ten letter words taken from the oxford concise dictionary.
The font size of the reading test was individually tailored to
the patient based on the near visual acuity of their study eye as
measured using the Bailey-Lovie word reading chart at
screening. The modified reading test composed of one para-
graph in the font size of their near acuity as well as one
paragraph in 0.1 LogMAR (VAR) larger font and one in
0.1 LogMAR (VAR) smaller font. These measurements were
based on a testing distance of 25 cm to enable them to be
converted from LogMAR (VAR) to point sizes between N4
and N80. Line spacing was fixed to match the size of the font
to reduce any variability caused by crowding. Responses were
scored out of ten for each font size and this was documented
by the interviewer along with the best corrected near visual
acuity in N point. Any drop in the near visual acuity of >10
words (equivalent to 0.1 LogMAR (VAR) at 25 cm) triggered
a hospital visit.

For the telephone evaluations, patients were issued with
a screening pack including a copy of the Amsler grid and
the modified Bailey-Lovie reading test charts. An example
of the modified Bailey-Lovie reading chart is shown in
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Fig. 1. Patients were called within the first week of the first
hospital baseline visit to run through the telephone eva-
luation and to establish baseline “at home” status. If the
patient was unable to read at least ten words a larger reading
test was sent out through the post and the home baseline test
was repeated.

For the hospital visits at months 3, 6, 9 and 12, full
ophthalmic examination and OCT scans were also per-
formed to look for nAMD conversion.

Using this 5 component telephone evaluation for each
episode of telephone contact, followed by hospital visits,
outcomes of every telephone episode could therefore be
evaluated from subsequent visits as either being true or false
positive or negative. The primary outcomes for this study
were the number of true and false positives and number of
true and false negatives. Secondary analyses were done to
explore the reasons for false positives or negatives.

Results

Case notes of 665 patients were reviewed and, from these,
206 were approached for screening and given a patient
information sheet. Sixty two patients agreed to be screened
but only the first 50 patients (mean age 79 years, 29 F) were
recruited as this was the sample size that was proposed and
approved by the ethics committee. At baseline, 100% of
study eyes did not have nAMD and had mean distance
acuity of 75.82 L (44–85) and mean near acuity of N6.1 (N4
to N20). At the final 12 month visit, the study eyes had
mean distance acuity of 73.21 L (30–85). All the fellow
eyes had received therapy for nAMD and had mean distance
acuity 54.5 L (0–85) at baseline and a final mean distance
acuity at 12 months of 52.0 L (0–85).

Out of a total of 50 patients, five withdrew before the end
of the study (3 for personal reasons and 2 passed away) and

three patients exited early due to development of CNV in
the study eyes during the study period (annual conversion
rate of 6%). Surprisingly, of these five patients who exited
early, two developed nAMD after exiting the study. If these
two patients had not withdrawn from the study, the annual
conversion rate would have been the expected 10% instead
of 6%. The other 47 patients did not develop CNV in their
study eyes during the study. Data from all 50 patients for all
telephone and hospital study visits were used for analysis.
Out of a possible maximum of 600 telephone episodes
comprising 3000 evaluations, only 514 telephone episodes
comprising 2570 evaluation points were performed due to
earlier departure of the eight patients. Of the 514 telephone
episodes, only three coincided with the development
of CNV (positive) and 511 episodes coincided with no
development of CNV (negative).

With respect to the three telephone episodes of CNV
development only one was a true positive (Fig. 2) and two
were neither true positives nor false negatives as both
patients missed the telephone episode prior to their hospital
visits. Consequently, there was more than one month
between their most recent telephone episodes and the hos-
pital visits. Because both of these patients were completely
asymptomatic, they were regarded as false negatives for the
purpose of analysis.

With respect to the 511 episodes for which there was no
development of CNV, 419 were true negatives and 92 were
false positives. Table 1 shows the true and false positives
and negatives of the 514 telephone episodes.

When the telephone episodes were broken down to
individual component evaluations, the distribution of true
positive and false negatives were similar across all five
points for those episodes that coincided with CNV devel-
opment. Of the 2750 evaluations, there were 149 positives
and 2421 negatives. As one or more evaluation components
could trigger a single positive telephone episode, the

Fig. 1 Example of modified A4 Bailey-Lovie Chart. Larger font size (N50-80) shown on left. Smaller font size (N8-12.5).
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denominator for calculating sensitivity or specificity was the
number of episodes (n= 3 or n= 511) and not evaluations
(n= 149 or n= 2421). The sensitivity was therefore 33%
for each of the five components. However, when the
negative episodes were broken down to the individual
component evaluations, the false positives ranged from 9.4
to 1.4%. The specificity was best at 98.6% with the self-
administered reading acuity evaluation component (Table 2)
i.e., the proportion of episodes without CNV development
correctly identified as negative was 98.6% using the self-
administered near acuity reading test compared to only
90.6% using the subjective response from asking a patient if
they had any reading difficulty. Table 2 shows the true and
false positive and negative rates and specificity of each of
the five components from 2570 component evaluations
captured over 514 telephone episodes.

Impact of visual acuity on false positive rates of
telephone episodes

The 93 episodes when patients reported some symptoms led
to 93 episodes of face to face reviews and 92 of these were
false. Sub-dividing all 50 patients into three baseline
visual acuity strata; Group A with <70 Letters (n= 9),
Group B with 71 to 84 letters (n= 32) and Group C with 85

L (n= 9). Groups A, B and C completed 91, 423 and 120
telephone episodes respectively. The false positive rate in
Group A was 22.0% (20/91). The false positive rate in
Group B was 17.0% (71/423) and the false positive rate in
Group C was 0.8% (1/120). The number of patients who
had repeated false positives in Groups A, B and C were
77.8% (7/9), 53.7% (22/41) and 0% respectively. This
shows that patients with good visual acuities were less
likely to produce false positive responses.

Impact of visual acuity on false positive rates of
evaluations components

Table 3 shows the distribution of false positive rates in all
patients across the three visual strata for the five component
evaluations. The group with the best visual acuity had the
lowest false positive responses for all five evaluation
components and in those groups with poorer vision, the near
acuity reading test had much lower false positive rates.
Notably, the Amsler chart had a high false positive rate in
the groups with poorer vision (28.1–40%)

Discussion

The specificity value indicates the proportion of the patients
who do not have the disease that are correctly identified
with a negative test. Our results showed that the telephone
method had quite a high specificity especially with the self-
administered reading test component of the telephone eva-
luation. Although specificity was good, there was a high
level of false positives. This means that the near acuity test
could potentially be useful for ruling out the presence of
nAMD if negative. We can estimate the confidence of the

Table 1 True and false positives and negatives of the 514 telephone
episodes.

Telephone
episodes

Positive telephone
response

Negative telephone
response

Total

Actual CNV-yes 1 2 3

Actual CNV-no 92 419 511

93 421 514

Fig. 2 OCT showing
development of CNV.
Prior scan with no activity
(above) and new cnv activity
(below).
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specificity result, using the tables from Bujang and Adnan
and a prevalence rate of 5%. A sample size of 52 patients is
needed to provide 80% power to test the Null hypothesis at
a probability level of 5% [25]. Therefore, the specificity
value of our test should be statistically significant with
p value between 0.039 to 0.044. Our specificity result
means that if the near acuity test administered to the second
eye via a telephone call is negative, there is a 98.6% chance
that the patient does not have CNV in the second eye.

The sensitivity value indicates the proportion of people
correctly identified as having the disease when the test is
positive. When evaluating a test to determine its sensitivity,
it is necessary to have a sufficient sample size for the
expected prevalence. There were only three instances in the
study population when we could have detected CNV, which
meant that the prevalence of second eye involvement in this
cohort was very low. Again, using the tables provided by
Bujang and Adnan we can estimate that a sample size of
980 patients would be required to provide 90% power of
obtaining sensitivity values with 95% confidence intervals
[25]. From our sample size of 50 patients it would have
required 10 patients out of 50 (20% prevalence) to provide
80% power to test the Null hypothesis with a probability of
4%. Therefore, our study was severely underpowered to test
the statistical significance of the sensitivity value, even if
the two patients who developed CNV did not miss their
telephone visits and could be classed as true positives and
additionally even if the two patients who developed nAMD
after exiting the study were included.

Therefore, unfortunately, in this pilot study we did not
have sufficient power or prevalence to demonstrate a high
sensitivity value of this test, so it cannot be used as
screening tool to ‘rule in’ the diagnosis of CNV if the test is
positive.

Many patients who have symptoms of blurring, distor-
tion and difficulty reading seek frequent hospital visits for
examination and imaging. The majority of these hospital
visits turn out to be false alarms or false positives. Patients
are usually reassured after having had an OCT scan in the
hospital clinic, however, these false positives create an
unnecessary burden to often already overloaded ophthal-
mology departments. In our study, although the telephone
evaluation was reliable for ruling out nAMD if negative,
there were a high number of false positives. Out of a total of
93 positive telephone episodes, 92 were false. There was a
degree of overlap between the component evaluations in
that a patient was only required to a positive response in one
of the five component evaluations to be classed as a positive
response. Table 2 shows the distribution of false positives
across the five components of evaluations. The false posi-
tive rate for the near acuity component was very low at
1.4% or 7 false positives out of 511 evaluations. This
component is, therefore, likely to lead to the least number of
false alarms and unnecessary hospital visits. Furthermore,
the false positive rates were the lowest in the stratum with
best visual acuity. This correlates with findings from the
Irish Longitudinal Study on Ageing, reported by Whillan
and Nazroo, that found normal vision was identified well

Table 2 True and false positive and negative rates and specificity of each of the five evaluations from 2570 evaluations captured over 514
telephone episodes.

Component evaluation True positive False negative True negative False positive Sensitivity Specificity

Blur symptom 1/3 33.3% 2/3 66.7% 467/511 91.3% 44/511 8.6% 33.3% 91.3%

Reading difficulty 1/3 33.3% 2/3 66.7% 463/511 90.6% 48/511 9.4% 33.3% 90.6%

Distortion symptom 1/3 33.3% 2/3 66.7% 494/511 96.6% 17/511 3.3% 33.3% 96.6%

Self Amsler test 1/3 33.3% 2/3 66.7% 483/511 94.5% 28/511 5.5% 33.3% 94.5%

Self reading acuity test 1/3 33.3% 2/3 66.7% 504/511 98.6% 7/511 1.4% 33.3% 98.6%

Table 3 Distribution of false positive rates in all patients across the three visual strata for the five evaluation points.

Groups and False +ve episodes

Component Evaluations

All Groups
50 patients

Group A
9 patients

Group B
32 patients

Group C
9 patients

92 False
+ve episodes

20 False
+ve episodes

71 False
+ve episodes

1 False
+ve episode

Blurred vision 44/92 (47.8%) 5/20 (25.0%) 38/71 (53.5%) 1/1 (100%)

Reading Problems 48/92 (52.2%) 10/20 (50.0%) 38/71 (53.5%) 0/1 (0.0%)

New Distortion 17/92 (18.5%) 5/20 (25.0%) 12/71 (16.9%) 0/1 (0.0%)

Amsler Change 28/92 (30.4%) 8/20 (40.0%) 20/71 (28.1%) 0/1 (0.0%)

Near VA Drop 8/92 (8.7%) 2/20 (10.0%) 6/71 (8.5%) 0/1 (0.0%)
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with a subjective response but that there was over-
identification of visual impairment using subjective testing
[26]. Thus, although subjective testing may well be useful
in those with better visual acuity, this may not be the case in
those with lower visual acuities.

In the setting of short term monitoring between hospital
visits over intervals of 2–6 months, it is important to have a
test that has a low rate of false positives to minimise the
need for extra visits for hospital scans and the burden on
patients, their relatives and carers as well as hospital
resources. The Amsler chart test is known to have high
sensitivity but low specificity and is popular with many
patients because it is quick and easy to perform [20].
Although, in this study, Amsler chart testing did not show a
high sensitivity, as we have discussed already, it was sig-
nificantly underpowered to comment on this. It may be
beneficial to use a highly specific test additionally to reduce
false positives when patients find that their Amsler testing
has been positive. The combined use of a high sensitivity/
low specificity test followed by a low sensitivity/high spe-
cificity test in this way has been proposed as a particularly
effective way of reducing false positives in the absence of a
perfect diagnostic tool with high sensitivity and high spe-
cificity [27]. Therefore, the use of the highly specific near
acuity reading test on patients who find that they have
distortion on Amsler chart testing should be useful for
eliminating most of the false positives.

The field of home testing for patients with nAMD is
rapidly developing with advances in modern technology.
Recently we have seen studies evaluating the compliance of
the myVisionTrack system™ (mVT; Vital Art and Science
Inc, Richardson TX), a health management tool adminis-
tered via handheld mobile devices. In this study, the
workers reported a high compliance of about 80% using the
device daily especially amongst patients with bilateral
nAMD [22]. We also experienced a good level of com-
pliance with only 10% withdrawal rate. The ForseeHome
(Notal Vision, Ltd., Tel Aviv, Israel) preferential hypera-
cuity perimeter has shown promise with an 85% sensitivity
and specificity in differentiating between patients with
intermediate AMD and early CNV [24]. However, authors
note 15% exclusion rate due to inability to pass the tutor-
ial and a further 8% excluded due to unreliable home device
tests. High prices and issues regarding computer or
smartphone-based tests in this patient population may also
be barriers to their use [19]. Near reading VA charts are
easily accessible, suitable for home use and as we have
alluded to have a high compliance and specificity [19].

Recent recommendations for fellow eyes monitoring have
suggested home testing in between hospital visits [19].
Lack of an ideal monitoring test means that no single test is
currently recommended. In fact, a combination of home
devices and reading charts are suggested where available. Of

the areas looked at in this study, the near visual acuity reading
component showed the highest specificity as well as good
compliance. In combination with other higher sensitivity tests,
this may represent an easily accessible and patient friendly
monitoring test for fellow eye monitoring. This may even be
applicable for monitoring of lower risk categories such as
those patients with bilateral early dry AMD and in the pri-
mary care setting. Recently during the global pandemic,
changes and reduction in clinical visits in hospitals, and the
need to maintain social distancing for patients coming to
hospital, has been very challenging for patients, carers and
health professionals. Reliable home monitoring devices are,
therefore, particularly important given the current situation
and may provide reassurance to patients who are shielding
and unable to come urgently for hospital visits.

Conclusion

A reliable diagnostic tool for nAMD in second eyes should
detect the onset of nAMD (high sensitivity), to prevent
delayed commencement of therapy, and also the absence of
nAMD (high specificity) to reduce the burden of false
positive visits to hospitals for patients, carers and health
professionals. A self-administered near acuity test con-
ducted in patients’ homes with telephone guidance may
have potential in reducing the burden of false positive
episodes in the large group of patients who are at risk of
developing nAMD in their second eyes.

Summary

What is known

● There is a 10–12% risk of second eye involvement
every year in patients with unilateral nAMD. Patients
undergoing intravitreal injections for nAMD are often
anxious about early detection of nAMD in their fellow
eyes, however, no gold standard for home monitoring
exists.

What this study adds

● This study evaluated the usefulness of a 5 stage home-
based telephone evaluation method for detecting the
presence or absence of nAMD in the second eyes of
patients undergoing therapy for nAMD in their first
eyes. A self-administered near acuity test conducted in
patients’ homes with telephone guidance may have
potential in reducing the burden generated by false
positive reporting of new nAMD symptoms in the
second eyes of of patients with nAMD in their first eyes.
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