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Purpose of review

The function is described of the Implantable Miniature

Telescope, which is completing clinical development for

bilateral end-stage macular degeneration, and 6-month

results of the Phase II/III IMT002 prospective, multicenter

study are presented. Multispecialty patient management

and implications of the study’s findings are discussed.

Recent findings

No medical treatments are currently available for bilateral

end-stage age-related macular degeneration (atrophic or

disciform scar age-related macular degeneration). The

visual prosthetic device discussed in this update is

implanted in the posterior chamber to reduce the impact

of the scotomata on the patient’s central vision. The goal

of treatment is to improve the patient’s ability to perform

everyday activities and participate in roles and hobbies

that impact their quality of life. Patients implanted with the

device experienced clinically significant gains in visual

acuity and quality of life at 6 months. In total, 89% gained

two or more lines of best-corrected near or distance visual

acuity. The device was generally safe and well tolerated.

The surgical technique is important to minimize surgically

related reduction in endothelial cell density.

Summary

This age-related macular degeneration visual prosthesis

has been shown to improve visual acuity and quality of life

for the bilateral end-stage age-related macular

degeneration patient population that at present has no

other acceptable options. Endothelial cell density from

baseline to 6 and 12 months after device implantation was

reduced due to trauma from the surgical procedure, but

was compatible with a healthy cornea. Meticulous surgical

technique and a comprehensive, multispecialty approach

to preoperative and postoperative patient management

are essential for successful outcomes.
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Introduction

Advanced age-related macular degeneration (AMD)

afflicts nearly 1.8 million persons in the United States

and is the leading cause of severe vision loss in people

over age 60 [1,2]. Advanced AMD is considered end-

stage when choroidal neovascularization or geographic

atrophy produces bilateral, untreatable macular scars

causing central scotomata and moderate to profound

visual impairment. This level of visual impairment lim-

its ability to engage in daily activities that require

detailed central vision. It is also associated with depres-

sion, increased dependency and accidents, and an over-

all decrease in the quality of life [3,4].

Although a number of treatments for exudative AMD

are available or are being developed [5–7,8•], no medical

treatments exist for end-stage AMD. Low vision

devices, such as magnifying glasses or external tele-

scopes, are currently the only option for patients with

scotomata affecting vision. These devices are generally

cumbersome, cosmetically unappealing, and provide a

very restricted field of view (<10˚ for a 3× telescope)

for static visual tasks. Furthermore, the vestibular ocular

reflex conflict caused by the need to scan the visual

field using head movement rather than natural eye

movement may lead to nausea and intolerance of these

devices [9].

The Implantable Miniature Telescope visual
prosthesis

The AMD visual prosthetic device used in the prospec-

tive, multicenter IMT002 study (Implantable Miniature

Telescope (IMT) by Dr Isaac Lipshitz, VisionCare

Ophthalmic Technologies, Saratoga, California, USA),

was developed to reduce visual impairment due to bilat-

eral end-stage AMD [10]. The prosthesis incorporates

multiple ultra-precision, wide-angle micro-optics that

function as a fixed-focus telephoto system together

with the cornea (Fig. 1). The device’s glass cylinder

housing the micro-optics is 4.4 mm long and 3.6 mm in
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diameter. Positioned in the capsular bag, the device pro-

trudes through the pupil by 0.1–0.5 mm and allows for a

clearance of about 2.5 mm from the anterior window of

the device to the corneal endothelium. The rigid haptic

loops are 13.5 mm in diameter. The prosthesis projects

an enlarged image of the patient’s central visual field

onto the retina (55˚, versus focused on the 5˚ macula),

thus reducing the size of the scotoma relative to the

objects in the central field of vision. The implanted

eye sees a 20–24˚ wide field of view due to the enlarged

image projection (2.2 or 3 times retinal image enlarge-

ment depending on device model).

Importance of comprehensive patient
management

To realize the benefits of this visual prosthesis, the

patient must be managed both preoperatively and post-

operatively by a team of specialists, rather than an indi-

vidual practitioner. Leading the team approach, the

retina specialist generally determines whether the

patient is a candidate for implantation based on retinal

pathology and refers selected patients to an anterior seg-

ment surgeon for further evaluation. This surgeon deter-

mines whether the patient meets certain anterior seg-

ment criteria for lens extraction and implantation of

the visual prosthesis. These criteria include zonular sta-

bility, preoperative endothelial cell density (ECD), and

other surgical requirements. After the anterior segment

surgeon fulfils his or her role on the team by completing

the implantation, the retina specialist refers the patient

to a visual rehabilitation program led by a visual rehabi-

litation specialist.

Through this comprehensive approach, the patient

learns to fully use this new visual status in activities of

daily living, including those necessary for self-care, com-

munity and social integration, hobbies and reading. The

importance of this multidisciplinary approach for patient

management cannot be overlooked, as it is a require-

ment for comprehensive patient management and suc-

cessful outcome. Each practitioner in the team utilizes

his or her expertise to the fullest and refers patients out

for activities beyond that expertise. In this way, appro-

priate patients are selected, patient expectations are

managed, and success with the device is maximized.

Implantation

Implantation of the AMD visual prosthesis follows lens

extraction by phacoemulsification. Special care must be

taken during the unique implantation procedure

because of the dimensions of the prosthesis and the

need to avoid damage to ocular structures. The device

is secured in the capsular bag with a nonstandard, large-

incision technique. The implantation procedure

includes a 10 to 12 mm scleral or limbal incision to

accommodate the dimensions of the device and reduce

the risk of surgical trauma to the cornea by contact dur-

ing insertion. A large 7 mm capsulorrhexis allows for

easier implantation of the device into the capsular bag.

Dispersive and cohesive ocular viscoelastic devices are

required to create space between ocular structures,

maintain the anterior chamber, and to coat the device

and cornea for maximum protection of the endothelium.

A downward angulation with posterior pressure is

required while attempting to insert the device through

the anterior chamber and into the bag. Proper wound

construction is also important to allow good wound

alignment and to reduce the amount of surgically

induced astigmatism. Wound closure usually requires

from 6 to 8 sutures.

Phase II/III study

A prospective, multicenter clinical trial of this prosthetic

device was conducted in patients with central vision loss

associated with untreatable advanced AMD with bilat-

eral macular scars (end-stage AMD). This report pre-

sents the 6-month efficacy and preliminary 12-month

safety results. Patients with active choroidal neovascu-

larization (CNV) or treatment of CNV in the preceding

6 months, history of intraocular or corneal surgery in the

study eye, endothelial cell density less than

1600 cells/mm2, anterior chamber depth <2.5 mm, nar-

Figure 1 The Implantable Miniature Telescope

A quartz wide-angle micro-optic is seen through the front window and
anterior aspect of the device cylinder. A blue polymethylmethacrylate
light restrictor encircles the cylinder anterior to the carrier plate.
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row angle, and pathology that compromised peripheral

vision were excluded.

Thirty-two anterior segment surgeons performed the

surgical procedures. Patients enrolled and scheduled

for surgery numbered 217, and 206 were successfully

implanted with the device. Participating patients had a

mean age of 76 years and stable disease.

After lens extraction by phacoemulsification techniques,

the prosthesis was implanted in the capsular bag of one

eye to improve central vision. The other eye was not

implanted to provide peripheral vision for orientation

and mobility. Patients who were implanted underwent

six visual rehabilitation visits postoperatively to learn

how to use their new visual status in activities of daily

living. Retina specialists, anterior segment surgeons,

optometrists, and visual rehabilitation therapists were

involved in preoperative and postoperative assessment

and care.

Visual and functional results

Patients made important visual gains with their

implanted eyes and reported improved function and

quality of life. At 6 months, 89% (178/201) of eyes

achieved a 2-line or more improvement in mean dis-

tance or near best corrected visual acuity (BCVA), sur-

passing the protocol’s primary efficacy end point of 50%.

A total of 68% (136/201) and 56% (113/201) achieved a

2-line or 3-line or more improvement in both distance

and near BCVA, respectively. Overall, 98% of patients

had improved or stable (less than a 1-line change) dis-

tance BCVA (BCDVA). Only 3% of patients were clas-

sified as profoundly impaired (less than 20/400 BCDVA)

at 6 months, compared to 32% at baseline. Significant

improvements in quality of life were also recorded.

NEI 25-item Visual Function Questionnaire scores for

vision-specific subscales covering General Vision, Near

Activities, and Distance Activities, and all of the vision-

targeted psychosocial domains of Dependency, Social

Functioning, Mental Health, and Role Difficulties,

improved to both statistically and clinically meaningful

levels (range of 7–17 points). The mean overall compo-

site score increased 7 points from baseline (P < 0.0001).

Corneal health results

Mean corneal ECD decreased from 2492 (±354)

cells/mm2 preoperatively to 1994 (±592) cells/mm2 at

3 months, 1936 (±1160) at 6 months, and preliminary

data indicate 1870 (±1184) cells/mm2 at 12 months post-

operatively. This represents a 20%, 22% and 25% loss

from baseline levels at 3, 6 and 12 months, respectively.

Stabilization of mean ECD after 3 months was seen

after the 3 to 6 month period, with only marginal

declines in ECD between postoperative visits there-

after. ECD reduction was correlated with postoperative

day 1 edema that was +2 or greater in severity, indicat-

ing that the cell loss was due to trauma sustained at the

time of surgery. At 6 months, there were no significant

retinal complications.

Implications of results

The visual acuity and quality of life outcomes are mean-

ingful for these patients with end-stage AMD. The abil-

ity to recognize friends, see the news, and be more inde-

pendent is invaluable. However, new surgical

procedures are invariably accompanied by a learning

curve through which surgeons learn to perform a parti-

cular procedure with minimal complications, for exam-

ple, minimizing the loss of endothelial cells during cat-

aract extraction. After phacoemulsification performed by

experienced surgeons, endothelial cell loss ranged from

4% to 15% [11,12], while phaco performed by a resident

showed an endothelial cell loss of 11.6% [13]. Another

study showed endothelial cell loss ranging from 16.5% to

19.4% after phaco of grade 3 cataracts by experienced

surgeons [14]. Clearly, surgical experience, as well as

many other variables, affects cell loss, and the numbers

given above should not be viewed in absolute terms.

Overwhelming evidence also exists for improved pha-

coemulsification results with practice.

Mastery of the learning curve is also important for pre-

venting endothelial cell loss during implantation of this

AMD visual prosthesis. Successful implantation requires

considerably more skill, time and intensity than intra-

ocular lens (IOL) implantation. The device is large –

the anterior-window-to-posterior-window length is

4.4 mm – and has unique geometric properties. It must

be carefully implanted while avoiding corneal touch to

minimize endothelial cell loss. However, while implan-

tation may be a challenging procedure, it can be mas-

tered by an anterior segment surgeon following the

recommended techniques. Surgeons participating in

the Phase II/III study generally had greater cell loss in

their first three cases, which suggests that the rate of

endothelial cell loss decreases with surgical experience.

In addition to surgical experience, the preoperative

ECD and corneal health is critical to a safe prosthesis

implantation procedure. Patients in the Phase II/III

study had mean ECD of almost 2500 cells/mm2 before

implantation, greater than the 1600 cells/mm2 minimum

inclusion criterion, and mean ECD was over

1850 cells/mm2 12 months postoperatively.

Product labeling for the Artisan phakic intraocular lens

specifies a minimal preoperative endothelial cell density
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for implantation of that IOL. For persons over the age of

45, 2000 cells/mm2 are required so that at least

1000 cells/mm2 remain at age 75. This is based on the

continual loss of endothelial cells of 1.8% per year after

lens implantation seen in the 3-year clinical study of the

Artisan phakic IOL implanted in 232 eyes.

Other investigators also identified preoperative cell

count as the critical factor determining corneal failure

after a certain number of years [15,16]. These investiga-

tors examined the percent cell loss per year after a sur-

gical procedure. In the study by Panton and associates,

eyes with counts greater than 1000 cells/mm2 before

implantation of anterior chamber lenses had a 1.5% per

year rate of decompensation, while eyes with lower cell

counts had a 57% rate [16]. Thus, corneal decompensa-

tion depended highly on presurgery ECD.

Although mean ECD in the IMT002 Phase II/III study

were in acceptable ranges 12 months postoperatively,

could continuation of cell loss lead to corneal decom-

pensation in a patient’s lifetime? The available litera-

ture suggests that cell loss tapers after an ocular surgical

procedure after an initial accelerated loss, and that

500 cells/mm2 is the critical required cell density for

proper corneal function [17–19]. At or below this level,

edema and corneal decompensation may occur. The

model developed by Armitage and colleagues indicated

critical cell density for corneal graft survival to be

500 cells/mm2 [17]. In a graft with 2000 cells/mm2

before surgery, critical density would be reached in 20

years. Olsen and Eriksen noted corneal thickness to

increase in a small number of eyes when ECD dropped

below 500 cells/mm2 [18], and Bates and colleagues

reported patients presenting with bullous keratopathy

after cataract surgery had ECD of 515 cells/mm2 [19].

Considering the expected life span of patients affected

by end-stage AMD, and the expected cell loss per year

after implantation, one can expect good corneal health

will continue through a patient’s lifetime after implanta-

tion with this AMD visual prosthesis, given that an ade-

quate cell density exists preoperatively. For younger

persons 60–65 years of age, an additional 22 years of

life can be expected for a total life span of 82–87 years

[20]. If a person in this age group has a minimum cell

density of 2500 cells/mm2 preoperatively, a 3% decline

per year postoperatively (estimated mean loss/year after

an initial 1 year 25% ECD decrease) would result in

approximately 1000 cells/mm2 at the age of 82–87.

This is above the critical value for the predicted life

span of this patient. At the other end of the age scale,

a person over age 90 with a minimum cell count of

1600 cells/mm2 could expect to live another 5 years

and, with a 3% cell loss per year, would have an ECD

of approximately 1062 cells/mm2.

Conclusion

While new treatments such as photodynamic therapy

and anti-VEGF compounds have shown promise in the

treatment of neovascular AMD, end-stage disease

remains the major cause of severe and irreversible vision

loss in the United States and the developed world. No

medical treatment is currently available, and patients

with advanced disease have only the use of frustrating

external low vision aids for static tasks requiring central

vision. Now, with the development of this AMD visual

prosthesis, patients with bilateral, end-stage AMD may

have a unique opportunity for improved visual acuity

and quality of life. Patients implanted with the prosthe-

tic device in the Phase II/III study experienced clini-

cally and statistically significant gains in visual acuity,

with 89% and 86% gaining two or three more lines,

respectively, of best-corrected near or distance visual

acuity at 6 months. The device was generally safe and

well tolerated, but careful surgical technique and experi-

ence are required to minimize the expected ECD

decrease found in this study.

Appropriate patient selection, setting realistic expecta-

tions, and proper screening of corneal risk factors are

important for successful outcomes with the procedure.

Preoperative cell counts obtained through specular

microscopy can eliminate patients with low baseline

ECD. If a patient has a healthy cornea before implanta-

tion, we would not expect many implanted eyes to fall

below 500 cells/mm2 and approach levels of imminent

corneal decompensation. The decline in cell loss after

3 months in the Phase II/III study suggests that initial

cell loss was related to surgical trauma during the proce-

dure, and that the ongoing presence of the visual pros-

thesis in the anterior segment did not compromise cor-

neal endothelial integrity in the long term.

A multidisciplinary approach that allows each specialist

to play a defined role in treatment of these patients is

essential. The visual rehabilitation program is a key fac-

tor to a successful outcome, as it allows the patients to

leverage their improved visual acuity into performance

of everyday activities. The retina specialist and/or ante-

rior segment surgeon must screen for patient willingness

to commit to the program.

In this patient population with moderate-to-profound

bilateral visual impairment, older age, and no accepted

treatment options, the rewards of improved vision and

quality of life with this monocular device appear to out-

weigh the associated risks of the surgical procedure.
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These risks can be low and rewards high with careful

surgical technique, the multidisciplinary approach, and

adherence to a patient selection protocol. Until medical

treatments are available to prevent end-stage disease,

implantation of this AMD visual prosthesis can provide

improved central vision and allow some of the indepen-

dent function that these patients greatly desire.
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