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PURPOSE: To assess the feasibility of a new injectable telescopic intraocular lens (IOL).

SETTING: London Eye Hospital, London, United Kingdom.

DESIGN: Prospective interventional pilot study.

METHOD: Eyes with bilateral, intermediate, or advanced dry age-related macular degeneration
(AMD); preoperative decimal corrected distance visual acuity (CDVA) of 0.25 or less; and
improvement with extraocular simulation of the intervention had implantation of 2 IOLs designed
for use together in a Galilean telescope configuration (iolAMD). Patients were followed for 4
months. Safety was assessed by monitoring visual acuity, intraocular pressure, specular
microscopy, and anterior segment and macular optical coherence tomographies. Fixation
stability and macular sensitivity were determined using microperimetry in some eyes.

RESULTS: There were no significant intraoperative or postoperative complications. In 1 eye, an
anterior sulcus IOL was replaced; there were no sequelae. The mean endothelial cell density was
reduced by 18%. The mean decimal CDVA improved from 0.12 preoperatively to 0.20 at 4 months,
a 67% gain. The mean change in spherical equivalent after implantation was�1.5 diopters (D) with
0.5 D of induced astigmatism. Microperimetric testing indicated a magnification effect and a devi-
ation of the retinal image by up to 5 degrees, with improved fixation stability.

CONCLUSIONS: This injectable intraocular miniature telescope appears safe in the short to medium
term and capable of improving visual function. No significant issues were encountered regarding
candidate eye selection or patient retention and cooperation. Further work is needed to evaluate
the safety and efficacy of the device, particularly with respect to daily-living activities and the range
of indications.
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Age-related macular degeneration (AMD) is the major
cause of vision loss in individuals 50 years or older in
developed countries and affects nearly 10% of people
over 65 years of age.1 In the United States alone,
more than 8 million people have intermediate AMD
and nearly 2 million have advanced AMDdnumbers
that are expected to increase 50% by 2020.2 Conse-
quently, even with the benefits of improved medical
therapies for choroidal neovascularization (CNV)
(the less prevalent form of AMD) and nutritional sup-
plementation, it is expected that the socioeconomic
d ESCRS

ier Inc.
burden from AMD will remain considerable over the
coming decades.

At present there is no medical therapy for
geographic atrophy, and patients with advanced
AMD and other forms of maculopathy rely largely
on supportive measures to maintain daily-living activ-
ities. These include external magnifiers, handheld tele-
scopes, and video-magnifiers, all of which might
improve visual function but have disadvantages pri-
marily related to limited portability, a reduced field
of view, and the need to increase head and hand
http://dx.doi.org/10.1016/j.jcrs.2015.03.021 2125
0886-3350

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcrs.2015.03.021&domain=pdf
http://dx.doi.org/10.1016/j.jcrs.2015.03.021


2126 INJECTABLE INTRAOCULAR TELESCOPE
movements to use them effectively. Patients might
also benefit from eccentric viewing training to use a
retinal locus that maximizes their functional capacity;
however, this requires multiple clinic visits and a suit-
ablymotivated patient and inmany cases might not be
achievable.3 The surgical options for managing AMD
are limited. Macular translocation surgery is complex
and has a high complication rate, and benefits from
retinal pigment epithelium–choroidal grafts have
been shown to be transient.4,5

There is a need for more efficient and effective de-
vices for improving the vision and quality of life of
patients with AMD. Several miniature ocular implants
were designed to meet this need, including the
Implantable Miniature Telescope (IMT) (Visioncare
Ophthalmic Technologies, Inc.)6 and the Intraocular
Lens for Visually Impaired People (IOL-VIP, Lenspe-
cial).7 The IMT is U.S. Food and Drug Administra-
tion–approved and is a fixed-focus telescopic device
designed for monocular implantation that has been
shown to improve visual function with a magnifica-
tion (and consequent reduction in visual field) of
�2.2 to �3.0.6 The IOL-VIP7 uses a Galilean-
telescope configuration with a high-minus IOL in the
capsular bag and a high-plus IOL in the anterior cham-
ber to achieve a theoretical magnification of�1.3, com-
bined with a prismatic effect that permits targeting of
the preferred retinal locus or an alternative locus to
maximize the patient's visual capability.

Since their introduction, these devices have been
used in relatively few specialist surgical centers,
perhaps explaining the limited evidence of their
benefit. This poor uptake might be partly due to the
devices' costs, which are considerable, but more likely
is a consequence of the surgical complexity involved in
their implantation. Of 217 eyes enrolled in 1 study6

that examined use of the IMT, which requires a 12.0
mm limbal incision for implantation, 11 surgeries
were aborted because of complications such as poste-
rior capsule rupture, choroidal hemorrhage, and zon-
ular dehiscence. Similarly, the siting of a high-plus
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anterior chamber IOL accounts for many of those com-
plications encountered in the use of the IOL-VIP
which, again, requires a large incision and capsulo-
rhexis for its implantation and is associated with
high levels of hyperopic shift.8

Age-related cataract affects more than 22 million
people in the U.S., most over 60 years of age, and the
prevalence of AMD in the U.S. population is 6.5%.
From this, it might be inferred that a substantial pro-
portion of individuals having cataract surgery, not
just in the U.S. but worldwide, could benefit from
intraocular telescopes.9,10 To significantly benefit
those with moderate-to-severe vision loss, such de-
vices will have to be cost-effective and easily, quickly,
and safely implanted.

We present the results of a pilot study with the
iolAMD (London Eye Hospital Pharma), a new intra-
ocular Galilean telescope that is composed of 2 soft
acrylic IOLs that are injected into the capsular bag
and sulcus through a small incision to provide a theo-
retical magnification of �1.25 to �1.3 with or without
a prismatic effect.

PATIENTS AND METHODS
Patients
Local ethics approval was obtained from the London Eye
Hospital Ethics Committee for an interventional noncompar-
ative prospective single-center pilot study. Patients were re-
cruited and provided valid consent with particular attention
to the risks for aniseikonia, visual field reduction, endothelial
cell loss, and the possibility of needing IOL explantation. In-
clusion criteria included bilateral intermediate or advanced
dry AMD with central scotomata; minimal cataract (%1C)
or pseudophakia; Snellen corrected distance visual acuity
(CDVA) of less than 0.25, improvement on simulation with
the new injectable telescopic IOL (CDVA or subjective
improvement); and agreement to have preoperative and
postoperative assessments. Exclusion criteria included active
CNV treated within 6 months of recruitment; active diag-
nosis of phacodonesis or corneal guttata; an axial length
(AL) of over 24.5 mm or under 20.5 mm; a history of angle
closure or pigment dispersion syndrome, retinal detach-
ment, retinitis pigmentosa, optic neuropathy, or uncon-
trolled glaucoma; and intraocular surgery within 6 months
of recruitment.
Patient Assessment
At baseline and 1 week, 1 month, and 4 months postoper-
atively, examinations included assessment of full subjective
refraction, CDVA (Snellen), near acuity (N-point at 40 cm),
intraocular pressure (IOP) (Goldmann applanation tonom-
etry), fundus photography (Visucam, Carl Zeiss Meditec),
biometry (IOLMaster, Carl Zeiss Meditec AG), optical coher-
ence tomography (OCT) (Stratus, Carl Zeiss Meditec AG),
specular microscopy (Nidek CEM-530, Nidek Co. Ltd.)
(3 acceptable images derived from the central cornea), and
clinical examination (including clinical grading of any lentic-
ular opacity). Preoperative simulation of the intervention
was carried out using a handheld extraocular magnifier
VOL 41, OCTOBER 2015
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2127INJECTABLE INTRAOCULAR TELESCOPE
with a built-in prism (IOL-VIP system, Soleko SPA). The
CDVA was recorded with the simulator in place and with
any orientation preference (and therefore prismatic correc-
tion) and the results were cross-checked against the location
of the preferred retinal loci as determined bymicroperimetry
testing (where performed). The positions of the implants
were recorded postoperatively using anterior segment
OCT (AS-OCT) without pupillary mydriasis (Visante, Carl
Zeiss Meditec AG). Microperimetry was performed preoper-
atively and postoperatively in 3 eyes of 3 patients using the
Macular Integrity Assessment (MAIA, Ellex Medical Lasers
Ltd.) at baseline and 4 months under mesopic conditions
with no mydriasis. The “expert” algorithm was used to
assess the macular threshold sensitivity and fixation stability
(37 points tested in a 10-degree area centered on the
preferred retinal locus; 4-2 strategy; stimulus size Goldmann
III with duration 200 ms). To avoid confounding the effect of
the intervention, no patient had preoperative or postopera-
tive visual rehabilitation by training for eccentric viewing,
steady eye strategy, or any other method as part of the study.
Interventional Device
Figure 1. Artistic rendering of the injectable telescopic IOL (A) and
its appearance on AS-OCT after implantation in the eye of patient
5 (B) with optic surfaces highlighted (C).
The iolAMD is an implantable device approved for use in
the European Economic Area that is composed of 2 soft hy-
drophobic acrylic IOLs (1 high-minus and 1 high-plus) ar-
ranged in a Galilean-telescope configuration to provide
�1.25 to�1.3 theoretical magnification (Figure 1). After crys-
talline lens extraction (or existing IOL explantation), the IOLs
are injected separately into the eye through a 3.0 mm corneal
incision. The high-minus IOL is shaped for siting in the
capsular bag, and the high-plus IOL (available in 11.75 mm
and 12.00 mm diameters) is shaped for positioning in the
ciliary sulcus. Details of the optic design of the telescope
were published previously.11,A To reduce the optic aberra-
tions associated with high-powered IOLs and increase the
tolerance of the system to variations in IOL separation that
might arise from anatomic differences between individual
eyes, some surfaces of the new intraocular Galilean telescope
are rendered hyperaspheric with unique wavefront charac-
teristics (eg, the conic constant of the posterior surface of
the posterior IOL is set at �10.0). In the prismatic version,
the optic of the IOL in the sulcus is displaced relative to
that of the IOL in the capsular bag using an asymmetric
haptic configuration that allows deviation of a retinal image
by up to 3 degrees of retinal eccentricity from fixation in the
direction of the shorter of the 2 haptics. The system permits
free rotation of the anterior IOL relative to the posterior
IOL and its replacement, if necessary. These features ensure
that the path of light can be further modified by subsequent
rotation or replacement of the anterior IOL, should macular
disease progress, and the foldable nature of the implants al-
lows for relative ease of explantation of both IOLs in the
event of an unsatisfactory functional outcome. Implantation
of each IOL takes the same amount of time as for a standard
monofocal IOL.
Surgical Technique
Surgery was performed by the same surgeon (M.A.Q.) us-
ing standard techniques. Topical mydriatic agents were used
for pupil dilation, and anesthesia was induced by sub-Tenon
delivery. A 5.0 mm curvilinear capsulotomy and crystalline
lens fragmentation were performed using a femtosecond
laser surgery platform (Lensx, Alcon Surgical, Inc.), and
lens extraction was completed using theWhitestar Signature
J CATARACT REFRACT SURG -
phacoemulsification system (Abbott Medical Optics, Inc.)
with a standard 2.8 mm corneal incision sited at 100 degrees.
The capsular bag was filled with a cohesive ophthalmic vis-
cosurgical device (OVD), and the high-minus injectable tele-
scopic IOL was loaded in the injector cartridge, injected in
the capsular bag through the main wound, and centered
(Video 1, available at http://jcrsjournal.org). To target a
preferred retinal locus located directly superior to the area
of geographic atrophy (ie, with the scotoma superior to fixa-
tion in the patient's visual field [most cases]), the injectable
telescopic high-plus IOL was loaded in the injector cartridge
with the short haptic trailing; then it was injected into the eye
with the long leading haptic positioned in the sulcus before
the trailing haptic was dialed into position and the OVD
aspirated. To target other preferred retinal loci, usually sited
to the right of the scotoma, the high-plus IOL was rotated
into position in the anterior chamber and the trailing haptic
then dialed into the sulcus. Application of force to the IOL in
a vector aligned with the haptics was avoided to minimize
the risk for trauma to the zonular fibers. As a precaution
against pupil block, a superior peripheral iridectomy was
performed during the initial group of surgeries, although
this subsequently was determined to be unnecessary and
VOL 41, OCTOBER 2015
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2128 INJECTABLE INTRAOCULAR TELESCOPE
omitted from later surgeries. After careful preoperative
counseling and assessment, 1 patient had explantation of
monofocal IOLs (by viscodissection without cutting the hap-
tics) before implantation of the new intraocular Galilean tele-
scope in each eye. In both of these instances, the capsular bag
was preserved; however, in 1 eye (patient eye 5), in which
capsular fibrosis prevented siting the high-minus IOL in
the bag, both injectable telescopic IOLs were sited in the sul-
cus with the haptics aligned. All patients received intracam-
eral antibiotics and were subjected to a standard post-
phacoemulsification regimen of a topical steroid and antibi-
otic for 1 month.
RESULTS

All visual acuity values are given in decimal notation.
All 18 eyes of 12 patients (4 men and 8 women)
completed the study. The mean patient age was 77
years (range 65 to 85 years). Table 1 shows the preop-
erative characteristics of the operated eyes and the
postoperative refractive outcomes. Table 2 gives the
preoperative and postoperative spherical equivalent
(SE), astigmatism correction, CDVA (including simu-
lated), and corrected near visual acuity (CNVA)
values. Based on World Health Organization defini-
tions of visual impairment, preoperatively 8 study
eyes had moderate visual impairment (CDVA 0.290
to 0.130), 7 had severe visual impairment (CDVA
Table 1. Clinical characteristics of operated eyes.

Eye Axial Length (mm) Lenticular Opacity PRL Location Sp

1 23.46 C S
2 24.20 C S
3 23.53 C S
4 24.39 IOL R
5 23.36 G I
6 23.17 C S
7 22.90 G S
8 24.33 IOL R
9 22.57 C S
10 24.06 G S
11 24.14 C S
12 23.38 G R
13 22.52 C S
14 23.45 G L
15 20.83 G R
16 23.90 G S
17 23.81 G S
18 23.87 G I
All (mean) 23.44 d d

IZ PRL inferior to area of atrophy; IOLZ intraocular lens; LZ PRL to the left of th
area of atrophy; S Z PRL superior to area of atrophy
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0.100 to 0.050), and 3 had profound visual impairment
(CDVA !0.050).
Safety
All surgeries were uneventful except in 1 eye (pa-
tient 11) in which the high-plus IOLwas vaulting ante-
riorly, causing a reduction in the quality of vision. This
high-plus IOL was replaced with a smaller-diameter
IOL, after which there were no short- to medium-
term sequelae. There were no reported problems
with aniseikonia after monocular implantation. Six pa-
tients had implantation of the injectable telescopic
IOLs in the fellow eye approximately 6 weeks after
the first-eye surgery, with no complications. A precau-
tionary intraoperative peripheral iridectomy was per-
formed in 9 eyes (including the eye of patient 11 in
which the high-plus IOLwas replaced). In 8 eyes, a sin-
gle 10-0 nylon suture was used to secure the wound as
a precaution; the suture was removed 1 month after
surgery.

One week postoperatively, the operated eyes
showed signs consistent with recent phacoemulsifica-
tion and IOL implantation, with 1 to 2C cells in the
anterior chamber and with 2 eyes having mild levels
of corneal edema. There was no difference between
the mean preoperative and postoperative IOPs (18.0
Refraction

Preoperative Postoperative

here (D) Cylinder (D) Axis� Sphere (D) Cylinder (D) Axis�

�2.00 �0.50 105 �4.50 0.00 0
1.50 �1.00 90 �3.00 �1.00 90
1.50 �0.75 100 �2.00 �2.00 95

�2.00 0.00 0 �3.00 0.00 0
�3.50 �1.50 140 �5.00 �2.00 130
1.00 0.00 0 1.00 �1.75 115
0.00 �2.00 90 2.50 �2.25 90
0.00 0.00 0 �3.00 0.00 0
1.25 �1.25 100 4.00 �2.00 90
0.00 �0.25 109 1.00 �2.00 110
0.00 �1.25 0 1.75 �1.75 120
0.75 �0.75 107 0.00 0.00 0
1.00 �0.50 100 1.00 0.00 0
0.50 �0.50 90 �2.75 �1.25 90
8.00 �1.00 60 2.00 �1.25 80
0.50 �1.00 40 �1.50 �2.00 90

�0.50 0.00 0 �3.50 �1.00 145
�3.50 �0.75 70 �3.00 �1.50 90
0.25 �0.72 67 �1.00 �1.21 74

e area of atrophy; PRLZ preferred retinal locus; RZ PRL to the right of the
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Table 2. Preoperative and postoperative parameters.

Eye

Corrected Distance Visual Acuity

Spherical Equivalent (D) Cylinder (D) Near (Decimalized Snellen Equivalent) Distance (Decimalized Snellen)

Preop Postop Preop Postop Preop Postop Preop Simulated Postop

1 �2.25 �4.50 �0.50 0.00 !0.080 0.125 0.040 0.060 0.060
2 1.00 �3.50 �1.00 �1.00 0.125 0.220 0.100 0.125 0.125
3 1.15 �3.00 �0.75 �2.00 0.125 0.250 0.125 0.160 0.250
4 �2.00 �3.00 0.00 0.00 !0.080 0.180 0.040 0.050 0.063
5 �4.25 �6.00 �1.50 �2.00 !0.080 0.080 0.100 0.200 0.080
6 1.00 0.00 0.00 �1.75 !0.080 0.220 0.100 0.200 0.320
7 �1.00 1.50 �2.00 �2.25 0.250 0.180 0.200 0.200 0.400
8 0.00 �3.00 0.00 0.00 !0.080 !0.080 0.050 0.050 0.010
9 0.75 3.00 �1.25 �2.00 0.090 0.125 0.060 0.080 0.100
10 0.00 0.00 �0.25 �2.00 !0.080 0.090 0.080 0.130 0.130
11 �0.75 1.00 �1.25 �1.75 0.250 0.250 0.160 0.320 0.250
12 0.40 0.00 �0.75 0.00 !0.080 0.180 0.010 0.063 0.100
13 0.75 1.00 �0.50 0.00 0.125 0.180 0.063 0.080 0.160
14 0.25 �3.25 �0.50 �1.25 0.180 0.400 0.250 0.500 0.400
15 7.50 1.50 �1.00 �1.25 0.220 0.500 0.250 0.400 0.320
16 0.00 �2.50 �1.00 �2.00 0.125 0.180 0.125 0.125 0.160
17 �0.50 �4.00 0.00 �1.00 0.330 0.330 0.250 0.400 0.400
18 �3.85 �3.75 �0.75 �1.50 !0.080 0.180 0.200 0.250 0.320
All (mean ) �0.10 �1.58 �0.72 �1.21 !0.140 0.210 0.120 0.190 0.200

Figure 2. The mean preoperative and postoperative endothelial cell
density (cells/mm2) in the operated eyes.
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mm Hg G 4.9 [SD] and 16.0 G 3.3 mm Hg, respec-
tively). In 1 eye (patient 8), the IOP rose
from 14 mm Hg at baseline to 22 mm Hg 4
months postoperatively; this eye was treated with a
neodymium:YAG (Nd:YAG) laser to widen a periph-
eral iridotomy as a precaution, although there was
no evidence of iridocorneal angle closure or pupillary
block on clinical examination or AS-OCT. A mean
reduction of 18% in the endothelial cell count was re-
corded at 4 months (2119 G 502 cells/mm2 versus
1729 G 508 cells/mm2) (Figure 2), with no cases of
clinical corneal decompensation. There were no signs
of cystoid macular edema or active CNV on the preop-
erative or postoperative macular OCTs. The data ac-
quired from AS-OCT indicated no gross deviation
from the expected positions of the IOLs in the patients'
eyes.

The mean CDVA increased from 0.12 G 0.08 to
0.20 G 0.13 (Figure 3, A) and a similar increase
in CNVA, from less than 0.14 G 0.08 to 0.21 G
0.11 was also observed (Figure 3, B). In 2 eyes the
CDVA lowered slightly from baseline, 1 (patient
5) decreasing from 0.1 to 0.08 and 1 (patient 8)
decreasing from 0.05 to 0.01. It is unclear why the
eye of patient 5 failed to meet the simulated
outcome; however, a strong subjective improvement
in vision was reported and the IOLs appeared well-
positioned on AS-OCT. The eye of patient 8 was
J CATARACT REFRACT SURG -
recovering from an Nd:YAG laser peripheral iridot-
omy when the final CDVA was recorded but also
had explantation of a monofocal IOL before implan-
tation of the injectable telescopic IOL; hence, subop-
timum positioning of the IOL implanted in the
capsular bag might account for its failure to meet
the simulated postoperative visual acuity. This eye
also had monofocal explantation and then implanta-
tion of the injectable telescopic IOL in the fellow
eye, in this case with both IOLs positioned in the
sulcus, and the CDVA was better than the
VOL 41, OCTOBER 2015



Figure 3. Preoperative, simulated,
and postoperative mean CDVA
(A) and preoperative and postoper-
ative mean CNVA (B) (CDVA Z
corrected distance visual acuity;
CNVA Z corrected near visual
acuity).

2130 INJECTABLE INTRAOCULAR TELESCOPE
simulated postoperative outcome 4 months after
implantation.

A moderate postoperative hyperopic shift in refrac-
tion was noted in 3 eyes; the ALs were slightly shorter
than the cohort mean in 2 of these cases (patients 7 and
8), and patient 11 had the previous replacement of the
anterior IOL (Tables 1 and 2). Overall, the mean SE
showed a myopic shift from �0.10 diopter (D) at base-
line (range C7.50 to �4.25 D) to �1.60 D 4 months
after implantation (range C3.00 to �4.50 D)
(Figure 4, A). The mean cylinder increased from �0.7
to �1.2 D (Figure 4, B).
Efficacy
The mean CDVA increased 67% overall from base-
line at the final postoperative review, and the mean
CNVA improved more than 50%. The increase in
mean CDVA exceeded the increase predicted by pre-
operative simulation and the level of acuity expected
with a theoretical �1.25 to �1.3 magnification
(Figure 3, A). There was a mean improvement in
CDVA of 60% in eyes with moderate visual impair-
ment and of 67% in eyes with severe visual impair-
ment. One patient with profound vision loss (patient
12) was observed to have a 10-fold improvement in
CDVA although improvements were more modest in
the other 2 patients with this level of visual acuity.
J CATARACT REFRACT SURG -
These results were reflected in the preoperative to
postoperative reclassification of visual impairment in
11 eyes after implantation of the injectable telescopic
IOL: 5 eyes improved from moderate visual impair-
ment to mild visual impairment, 3 improved from se-
vere to moderate, 1 improved from severe to mild, and
1 improved from profound to severe. One eye (patient
8) moved from severe to profound visual impairment,
while the rest remained unchanged in terms of
classification.

The MAIA microperimeter testing in eyes of
patients 16, 17, and 18 at baseline and 4 months after
implantation showed the mean percentage of fixation
points within a 4-degree circle increased from 71.8 to
77.0 and within a 2-degree circle increased from 34.9
to 39.7. (Patient 18 did not complete the postoperative
microperimetry testing because of fatigue.) The mean
threshold improved from 7.7 dB to 16.4 dB.

Figure 5 shows representative microperimetry
images obtained at baseline and 4 months for patient
16. On simulation, this patient noted a preferred
retinal locus located superior to the area of geographic
atrophy; this locus was targeted in the implantation of
the injectable telescopic IOL. The red-free image after
implantation (Figure 5, A and B, zoom images 5, C
and D) showed a wider field of view of the fundus
than the baseline image, which is suggestive of a tele-
scopic effect (like when an image is minimized when
Figure 4. The mean preoperative
and postoperative SE (A) and astig-
matic correction (B) in operated
eyes (SE Z spherical equivalent).

VOL 41, OCTOBER 2015



Figure 5. Representative microperimetry images obtained at baseline and 4 months after implantation from the eye of patient 16. The orange
fixation dots represent points used in the first 10 seconds of the test.

2131INJECTABLE INTRAOCULAR TELESCOPE
observed through the wrong end of a telescope). The
baseline fixation points (Figure 5, C [blue dots]) are at
the superior border of an area of geographic atrophy,
with approximately one half of stimuli unseen (black
spots on the sensitivity map) (Figure 4, C).

After implantation, the preferred retinal locus was
shifted superiorly by approximately 5 degrees
(Figure 5, D), with each stimulus separated by 2.5
degrees and with 1 stimulus point left unseen; the
average threshold sensitivity improved from 7.2 dB
to 20.2 dB. The baseline and post-implantation inter-
polated sensitivitymaps showed the changes by repre-
senting the sensitivity at each point of the retina using
information from nearby stimuli (Figure 5, E and F).
These changes are associated with a more tightly
focused cluster of fixation points after implantation
and a gravitational center being shifted slightly supe-
riorly, as indicated by the bivariate contour ellipse
area analysis (the smaller ellipse contains 63% of all
fixation points, and the larger ellipse contains 95% of
all fixation points). At baseline, there was an elliptical
spread of fixation points, with 31% of points within a
2-degree circle and 74% within a 4-degree circle, while
after implantation the spread of fixation points be-
comes more regular and the number of points within
2-degree and 4-degree circles increased to 48% and
88%, respectively (Figure 5, G and H). The CDVA in
J CATARACT REFRACT SURG -
this eye improved from 0.125 at baseline to 0.160 after
implantation.
DISCUSSION

This small-scale preliminary pilot study was under-
taken to evaluate the feasibility of a new injectable tele-
scopic IOL–the iolAMDdand to make initial
assessments regarding its short- to medium-term
safety and efficacy.

The high-plus and high-minus IOLs of the injectable
telescope were relatively simple to load and inject into
the study eyes, and no intraoperative or immediate
postoperative complications were encountered. An
intraoperative peripheral iridectomy was performed
as a precaution in 10 of the study eyes; however,
patients were monitored closely and in 8 eyes no iri-
dectomy was performed and the postoperative phase
was uneventful. Any pigment deposition on the ante-
rior surfaces of the IOLs did not appear to be progres-
sive and was not associated with a rise in IOP;
however, given these changes, the recording of preop-
erative and postoperative gonioscopic examinations
with or without ultrasound biomicroscopy should be
considered in future studies. The postoperative reduc-
tion in endothelial cell density was comparable with
other published data but higher than might be
VOL 41, OCTOBER 2015
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expected given the techniques used and the degree of
cataract in the study cohort; this is most likely due to
test–retest variability; however, further investigation
is needed to confirm this.12

The IOLs appeared stable in all eyes; however, the
explantation of 1 sulcus-implanted IOL and its substi-
tution with a smaller version, even though performed
with ease, reflects the difficulty of accurately assessing
the sulcus dimensions preoperatively. The white-to-
white dimensions and other ocular parameters, such
as iridocorneal angle, are poor predictors of sulcus
diameter. Consequently, it is worth considering direct
measurement of the ciliary sulcus preoperatively to
determine the appropriate size of the IOL for sulcus
implantation.13 The anterior high-plus IOL plate
haptic conformation is based on preexisting designs
for sulcus-implanted IOLs, with available diameters
of 11.75 mm and 12.00 mm. We found no evidence
of rotational instability in the sulcus-implanted IOL,
but this was not assessed objectively, and a rotational
shift that is likely to produce subjective changes in a
normally sighted individual might go unnoticed in
an eye with AMD. Even so, the visual acuities
remained stable in the study cohort, and the risks for
oversizing a sulcus-implanted IOL in this context
(angle closure, iris chafing, anterior vaulting, and sub-
optimum separation of the IOLs) outweigh the risks
typically associated with undersizing, which would
normally include inducing cataract in a phakic eye.

We noted a mean postoperative improvement in
CDVA of 67% and refractive outcomes that were rela-
tively predictable, with a mean shift in SE of �1.5 D
and induced astigmatism of 0.5 D. Although we
acknowledge the limitations of Snellen visual acuity
testing in this context, these data are comparable
with published data for the IOL-VIP, in which similar
levels of improvement were obtained in a comparable
subgroupwith severe vision loss andminimal cataract
preoperatively.7 However, improvements in vision
with the IOL-VIP are associated with a strong ten-
dency toward hyperopia (as much as C16.0 D in
some instances), which combined with rehabilitation
training might account for a significant proportion of
an increase in CDVA associated with its use.8 This hy-
peropic shift has prompted suggestions that IOL-VIP
implantation should be restricted to eyes with ALs
longer than 23.0 mm. In contrast, we observed an
improvement in visual acuity in patients with the
injectable telescopic IOL without any hyperopic shift.
This improvement in visual function therefore might
be attributable directly to the magnification and pris-
matic effect afforded by this device.

We observed no clear association between the AL
and the refractive outcome in our patients; 2 eyes
with a postoperative hyperopic refractive shift were
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slightly shorter than the mean in the cohort. The study
eye with the shortest AL (patient 15) experienced a
large myopic shift. It is very likely that the increased
depth of focus afforded by the injectable telescopic
IOL tempers any subjective refractive shift, although
the need for revised optics in eyes with extreme ALs
cannot be discounted.11,A This increased depth of
focus might also account for the observed improve-
ment in the mean CNVA with the iolAMD. We did
not assess reading capacity in this study, but we note
that the effect on near vision with the IOL-VIP, which
uses standard spherical optics, has been varied, with 1
study reporting an increase in reading distance and
another suggesting no effect on reading capacity.7,8

The optics of the injectable telescopic IOL are also
designed to increase the tolerance for a range of sepa-
rations of the 2 IOLs in the eye. We did not measure
postoperative IOL separation, but the visual outcomes
in our patient cohort suggest that the device performs
well in this regard. Similarly, the degree of magnifica-
tion it affords requires further investigation but is
highly likely to vary between individuals in line with
the amount of IOL separation. In a longer eye, more
separation between the 2 injectable telescopic IOL op-
tics would be expected and consequently, so would
greater magnification; however, more than �1.3
magnificationwouldmost likely result in further dimi-
nution of the visual field, which would otherwise be
reduced by approximately 30%.

The effect of the device on the visual field was not
explored in the present study, but this is an aspect of
visual function that might affect improvement in activ-
ities of daily living. A reduction in the peripheral vi-
sual field, for example, has been associated with an
increased risk for falls14 and for involvement in car
accidents.15 For individuals already at increased risk
for such events, any loss of visual field would have
to be balanced with predicted improvement in visual
acuity or reading ability. There were no reported cases
of aniseikonia in our cohort, so it might be reasonable
to perform injectable telescopic IOL implantation only
in the better-seeing eye in some individuals to retain a
full peripheral field in the eye with worse central
vision.

The effects of intraocular telescopes on activities of
daily living remain an underexplored area of study.
A clinical trial evaluating the safety and efficacy of
the IMT intraocular telescope6 found improvements
in functional vision and quality of life; however, the
IMT is intended for use in eyes with moderate to pro-
found vision loss, whereas the full range of patients
who could benefit from the injectable telescopic
IOL is not yet determined. Our results suggest that
the iolAMD injectable telescopic IOL might be more
effective in eyes with moderate to severe visual
VOL 41, OCTOBER 2015
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impairment, although for safety reasons the study
only included eyes with moderate to profound visual
impairment (CDVA %0.25). Even so, in many in-
stances, distance visual acuities in our patients ex-
ceeded the simulated outcome (as would be expected
with the superior optics associated with intraocular
implantation), and the mean improvement in CDVA
of 67% is greater than might be expected with a theo-
retical magnification of�1.25 to�1.3. This level of per-
formance might be partly accounted for by preexisting
lenticular opacity (even if minimal) but also might be
related to improved fixation in the operated eyes, as
suggested by the limited data acquired using micro-
perimetry. Fixation instability is a feature of central vi-
sual field loss and probably arises from a tendency for
patients to use a preferred retinal locus at the border of
an area of atrophy (where the residual cone density is
the greatest), such that a visual target will move in and
out of the scotoma with greater frequency and ampli-
tude.16 The effect of fixation instability is thought to ac-
count for reduced reading rates in patients with central
vision loss compared with normally sighted individ-
uals using the same retinal eccentricities. If reproduc-
ible, our data would constitute the first objective
evidence for improved fixation stability and threshold
sensitivity associated with the implantation of an
intraocular telescope combining magnification and a
prismatic effect. In the eye of patient 16, we confirmed
a magnification effect and determined a possible shift
in the preferred retinal locus superior to a large area of
geographic atrophy that was associatedwith improve-
ments in threshold sensitivity, fixation stability, and
visual acuity. Because these patients had longstanding
geographic atrophy and therefore had established
preferred retinal loci, the question arises as to why
prismatic shifting of the retinal image toward the
preferred retinal locus confers any benefit. The best
comparison for this is the evidence base for eccentric
viewing training. A recent review of the literature in
this field3 concluded that the quality of evidence
showing that eccentric viewing training improves
near visual acuity and reading speed is moderate,
with less robust data supporting its effect on distance
visual acuity and daily-living activities. One study in
particular17 reported greater improvement in near vi-
sual acuity from eccentric viewing training combined
with use of a magnifier than from eccentric viewing
training or the use of a magnifier alone. Another
study18 suggested eccentric viewing training might
even reduce reading speed, particularly when a pa-
tient is conscious of using a trained retinal locus. Over-
all, there is a general lack of high-quality evidence of
the effectiveness of eccentric viewing training, and
there is even less information available about its
cost-effectiveness, given the necessity for multiple
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clinic visits and highly motivated patients. Conse-
quently, there might be a role for an implant such as
the injectable telescopic IOL in facilitating the cost-
effective rehabilitation of patients with central vision
loss. Whether the improvements in visual acuity iden-
tified in the present study translate into improved abil-
ity to perform daily-living activities such as reading
ability remains a key question. However, if implanta-
tion of the injectable telescopic IOL is simple and
safe, its outcomes can be measured against those of
eccentric viewing training and magnifiers in the
context of randomized clinical trials.

The prismatic shift afforded by the iolAMD is
theoretically limited to 3 degrees from the visual
axis, although this can vary somewhat between indi-
viduals. The effect of such a shift is either to move
the image to an area of the retina that is far enough
away from the boundary of geographic atrophy to
allow greater acuity and fixation stability or to
relieve some pressure on the oculomotor system to
control eccentric fixation. However, beyond 5 de-
grees, the density of the cone photoreceptors drops
off considerably at the macula, which limits the ben-
efits of targeting healthier retina at such eccentric-
ities. Even so, our results suggest that patients
with very large areas of geographic atrophy might
benefit from the device; there also is evidence that
visual acuity is poorly predicted by the eccentricity
of the preferred retinal locus.19 Most patients re-
ported a preference for a prismatic shifting of the
image to a retinal locus superior to the area of atro-
phy. This is in keeping with published data18,20,21

indicating that patients tend either to favor this
area for reading because the scotoma is above fixa-
tion in their visual field and thus tends not to inter-
fere as much with the process of reading or to favor
an area to the right of the geographic atrophy (ie,
with fixation to the left of the scotoma in their
visual field) because this also benefits patients who
read from left to right.

Evidence suggests that most patients with
geographic atrophy exhibit the same pattern of fixa-
tion in both eyes and that the preferred retinal locus
remains stable for more than 4 yearsdboth of which
are relevant factors for patients having implantation
of a device such as the injectable telescopic IOL.21

However, some patients with central vision loss use
more than 1 preferred retinal locus, each for different
purposes, and it is possible that a prismatic device
will disrupt the fixation pattern that works best for
them.18 Furthermore, evidence suggests that patients
with CNV tend to establish a repeatable preferred
retinal locus within 6 months of developing a central
scotoma, which would have to be considered if use of
the injectable telescopic IOL were extended to this
VOL 41, OCTOBER 2015
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category of patients.18 Beyond this, conceivably the
injectable telescopic IOL could be used to rehabilitate
vision in patients with a wide range of macular pa-
thology (eg, macular holes and diabetic macular
edema).

In summary, this pilot study provides evidence that
the iolAMD injectable telescopic IOL is safe to use in
the short to medium term and can significantly
improve distance and near visual acuities. Its ease of
implantation and the rapid postoperative recovery
associatedwith its usemake it suitable forwider inves-
tigation. In particular, clinical trials to confirm the level
of efficacy suggested by this study are warranted, with
particular attention to the effects of the device on the
visual field, reading ability, and activities of daily
living.
WHAT WAS KNOWN

� Implantation of telescopic IOLs is associated with high
rates of complications and with greatly reduced visual
fields or high hyperopic shifts.
WHAT THIS PAPER ADDS

� Improvements in visual acuity were achieved in patients
with severe to profound dry AMD using a new injectable
telescopic IOL with minimum changes to refraction.

� Implantation of the injectable telescopic IOL appears safe
and was easy to perform.

� It is possible to target a patient’s preferred retinal locus
using the prismatic correction afforded by the injectable
telescopic IOL. This was associated with improved fixation
stability that might provide additional improvements to vi-
sual function.

REFERENCES
1. Smith W, Assink J, Klein R, Mitchell P, Klaver CC, Klein BE,

BEK Hofman A, Jensen S, Wang JJ, de Jong PTVM. Risk fac-

tors for age-related macular degeneration; pooled findings

from three continents. Ophthalmology 2001; 108:697–704

2. The Eye Diseases Prevalence Research Group. Prevalence of

age-related macular degeneration in the United States. Arch

Ophthalmol 2004; 122:564–572. Available at: http://archopht.

jamanetwork.com/data/Journals/OPHTH/9922/EEB30090.pdf.

Accessed August 22, 2015

3. Gaffney AJ, Margrain TH, BunceCV, Binns AM. How effective is

eccentric viewing training? A systematic literature review.

Ophthalmic Physiol Opt 2014; 34:427–437

4. Falkner CI, Leitich H, Frommlet F, Bauer P, Binder S. The end of

submacular surgery for age-related macular degeneration? A
J CATARACT REFRACT SURG -
meta-analysis. Graefes Arch Clin Exp Ophthalmol 2007;

245:490–501

5. Chen FK, Uppal GS, MacLaren RE, Coffey PJ, Rubin GS,

Tufail A, Aylward GW, Da Cruz L. Long-term visual and

microperimetry outcomes following autologous retinal

pigment epithelium choroid graft for neovascular age-

related macular degeneration. Clin Exp Ophthalmol 2009;

37:275–285

6. Hudson HL, Lane SS, Heier JS, Stulting RD, Singerman L,

Lichter PR, Sternberg P, Chang DF; IMT-002 Study Group.

Implantable miniature telescope for the treatment of visual

acuity loss resulting from end-stage age-related macular

degeneration: 1-year results. Ophthalmology 2006; 113:

1987–2000

7. Orzalesi N, Pierrottet CO, Zenoni S, Savaresi C. The IOL-Vip

System; a double intraocular lens implant for visual rehabilitation

of patients with macular disease. Ophthalmology 2007;

114:860–865

8. Amselem L, Diaz-Llopis M, Felipe A, Artigas JM, Navea A,

Garc�ıa-Delpech S. Clinical magnification and residual refraction

after implantation of a double intraocular lens system in patients

with macular degeneration. J Cataract Refract Surg 2008;

34:1571–1577

9. Vision Problems in the US: Prevalence of Adult Vision Impair-

ment and Age- Related Eye Disease in America. Chicago, IL,

Prevent Blindness America and Bethesda, MD, National Eye

Institute, 2012; Available at: http://www.visionproblemsus.org/.

Accessed August 22, 2015

10. Gollogly HE, Hodge DO, St Sauver JL, Erie JC. Increasing inci-

dence of cataract surgery: population-based studyJ Cataract

Refract Surg 2013; 39:1383–1389. Available at: http://www.

ncbi.nlm.nih.gov/pmc/articles/PMC4539250/pdf/nihms711323.

pdf. Accessed August 22, 2015

11. Tabernero J, Qureshi MA, Robbie SJ, Artal P. An aspheric intra-

ocular telescope for age-related macular degeneration patient-

sBiomedical Opt Express 2015; 6:1010–1020. Available at:

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4361417/pdf/

1010.pdf. Accessed August 22, 2015

12. Gogate P, Ambardekar P, Kulkarni S, Deshpande R,

Joshi S, Deshpande M. Comparison of endothelial cell loss

after cataract surgery: phacoemulsification versus manual

small-incision cataract surgery; six-week results of a ran-

domized control trialJ Cataract Refract Surg 2010; 36:247–

253

13. Reinstein DZ, Archer TJ, Silverman RH, Rondeau MJ,

Coleman DJ. Correlation of anterior chamber angle and ciliary

sulcus diameters with white-to-white corneal diameter in high

myopes using Artemis VHF digital ultrasoundJ Refract Surg

2009; 25:185–194

14. Freeman EE, Mu~noz B, Rubin G, West SK. Visual field loss in-

creases the risk of falls in older adults: the Salisbury Eye Evalua-

tionInvestOphthalmol Vis Sci 2007; 48:4445–4450. Available at:

http://iovs.arvojournals.org/article.aspx?articleidZ2183403.

Accessed August 22, 2015

15. Rubin GS, Ng ESW, Bandeen-Roche K, Keyl PM, Freeman EE,

West SK; the SEE Project Team. A prospective, population-

based study of the role of visual impairment in motor vehicle

crashes among older drivers: the SEE studyInvest Ophthalmol

Vis Sci 2007; 48:1483–1491. Available at: http://iovs.arvojour

nals.org/article.aspx?articleidZ2124993. Accessed August

22, 2015

16. Falkenberg HK, Rubin GS, Bex PJ. Acuity, crowding, reading

and fixation stability. Vision Res 2007; 47:126–135
VOL 41, OCTOBER 2015

http://refhub.elsevier.com/S0886-3350(15)01197-9/sref1
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref1
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref1
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref1
http://archopht.jamanetwork.com/data/Journals/OPHTH/9922/EEB30090.pdf
http://archopht.jamanetwork.com/data/Journals/OPHTH/9922/EEB30090.pdf
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref3
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref3
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref3
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref4
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref4
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref4
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref4
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref5
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref5
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref5
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref5
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref5
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref5
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref6
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref6
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref6
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref6
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref6
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref6
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref7
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref7
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref7
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref7
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref8
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref8
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref8
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref8
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref8
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref8
http://www.visionproblemsus.org/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4539250/pdf/nihms711323.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4539250/pdf/nihms711323.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4539250/pdf/nihms711323.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4361417/pdf/1010.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4361417/pdf/1010.pdf
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref12
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref12
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref12
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref12
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref12
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref12
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref13
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref13
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref13
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref13
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref13
http://iovs.arvojournals.org/article.aspx?articleid=2183403
http://iovs.arvojournals.org/article.aspx?articleid=2124993
http://iovs.arvojournals.org/article.aspx?articleid=2124993
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref16
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref16


2135INJECTABLE INTRAOCULAR TELESCOPE
17. Vukicevic M, Fitzmaurice K. Rehabilitation strategies used to

ameliorate the impact of centre field lossVis Impair Res 2005;

7:79–84

18. CrosslandMD,CulhamLE, KabanarouSA,RubinGS. Preferred

retinal locus development in patients with macular disease.

Ophthalmology 2005; 112:1579–1585

19. Rees AL, Kabanarou SA, Culham LE, Rubin GS. Can eccentric-

ity predict visual acuity and contrast sensitivity at the PRL in

AMD patients? Int Congr Ser 2005; 1282:694–698

20. NilssonUL, FrennessonC, NilssonSEG. Patientswith AMDand

a large absolute central scotoma can be trained successfully to

use eccentric viewing, as demonstrated in a scanning laser

ophthalmoscope. Vision Res 2003; 43:1777–1787

21. Sunness JS, Applegate CA. Long-term follow-up of fixation pat-

terns in eyeswith central scotomas fromgeographic atrophy that

is associatedwith age-relatedmacular degeneration. Am JOph-

thalmol 2005; 140:1085–1093
J CATARACT REFRACT SURG -
OTHER CITED MATERIAL
A. Artal P, Tabernero J, Robbie S, Qureshi MA, “Intraocular

Mini-telescope for AMD Patients,” presented at the annual

meeting of the Association for Research in Vision and Ophthal-

mology, Orlando, Florida, USA, May 2014. ARVO E-Abstract

4133. Available at: http://iovs.arvojournals.org/article.aspx?arti

cleidZ2269613&resultClickZ1. Accessed August 22, 2015
VOL
 41, OCTOBER 2015
First author:
Muhammad A. Qureshi,
FRCS(Ophth)

London Eye Hospital, London,
United Kingdom

http://refhub.elsevier.com/S0886-3350(15)01197-9/sref17
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref17
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref17
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref18
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref18
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref18
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref19
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref19
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref19
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref20
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref20
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref20
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref20
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref21
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref21
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref21
http://refhub.elsevier.com/S0886-3350(15)01197-9/sref21
http://iovs.arvojournals.org/article.aspx?articleid=2269613&amp;resultClick=1
http://iovs.arvojournals.org/article.aspx?articleid=2269613&amp;resultClick=1

	Injectable intraocular telescope: Pilot study
	Patients and methods
	Patients
	Patient Assessment
	Interventional Device
	Surgical Technique

	Results
	Safety
	Efficacy

	Discussion
	What Was Known
	What This Paper Adds
	References


