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Abstract

Background and Objective—Optimal placement of the Argus II Retinal Prosthesis System is 

critical. Intraoperative OCT allows for intrasurgical visualization and confirmation of array 

placement. In this study, two different OCT systems were evaluated to assess the feasibility and 

utility of this technology during Argus II surgery.

Methods—Intraoperative OCT was performed on five patients undergoing Argus II implantation 

at Cole Eye Institute from June 2015 to July 2016. The EnVisu portable OCT (Bioptigen, 

Research Triangle Park) and microscope-integrated RESCAN 700 (Zeiss, Oberkochen, Germany) 

intraoperative OCT systems were utilized. The EnVisu was used in three patients and the 

RESCAN 700 in three of the five patients. Following array tacking, intraoperative OCT was 

performed over the entire array including the edges and tack.

Results—Intraoperative OCT allowed for visualization of the array/retina interface. Microscope 

integration of the OCT system facilitated ease of focusing, real-time feedback, surgeon-directed 

OCT scanning to the areas of interest, and enhanced image quality at points of interest.

Conclusion—Intraoperative imaging of the Argus II electrode array is feasible and provides 

information about electrode array-retina interface and distance to help guide a surgeon. 

Microscope-integration of OCT appears to provide an optimal and efficient approach to 

intraoperative OCT during Argus II array placement.

Introduction

The Argus II Retinal Prosthesis System (Argus II®) (Second Sight Medical Products, 

Sylmar, CA) is an FDA approved humanitarian use device for patients blind from retinitis 

pigmentosa. Argus I, a 16-electrode device, was implanted in 6 subjects between 2002 and 

2004.1 The Argus II Retinal Prosthesis Study involved 30 subjects. During the study, Argus 

II was implanted between June 2007 and August 2009. It consists of 60 platinum electrodes 

Corresponding Author: Aleksandra Rachitskaya, M.D., Cole Eye Institute, Cleveland Clinic Foundation, 9500 Euclid Avenue/i32, 
Cleveland, OH 44106, rachita@ccf.org. 

The authors had total control of all aspects of this observational case report including: design and conduct of the study; collection, 
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the 
manuscript for publication.

Disclosures: AVR: Allergan (C) AY: None. MM: None. JR: None. JPE: Genentech (R), Regeneron (R), Thrombogenics (R,C), Leica 
(C), Zeiss (C), Bioptigen (P, C), Synergetics (P), Alcon (C).

HHS Public Access
Author manuscript
Ophthalmic Surg Lasers Imaging Retina. Author manuscript; available in PMC 2017 
November 01.

Published in final edited form as:
Ophthalmic Surg Lasers Imaging Retina. 2016 November 01; 47(11): 999–1003. doi:
10.3928/23258160-20161031-03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



that are 200 microns in diameter each.1 As of August 2016, there have been over 160 

implants of the Argus II (personal communication with Second Sight) in the U.S., Canada, 

Europe, and the Middle East with the numbers continuing to grow. A trial of Argus II for 

severe age-related macular degeneration is currently underway in the UK.

The surgery for the Argus II System involves securing an electronics case and implant coil to 

the sclera via a scleral band. The electrode array is connected to the electronics case via a 

cable. After pars plana vitrectomy, the cable and the array are introduced into the vitreous 

cavity through a scleral incision and the electrode array is secured over the macula with a 

custom retinal tack (Second Sight Medical Products, Inc, Sylmar, CA). The extraocular 

components communicate with glasses and video processing unit and transmit visual data to 

the array.

The optimal positioning of the epiretinal device is key to successful surgery and remains a 

challenge. Poor positioning has been shown to lead to higher stimulus thresholds.1,2 Proper 

centering of the array over the macula and creating close contact between the electrodes and 

retinal surface were identified as common challenges in implantation by a consortium of 

Argus surgeons.3 Intraoperative OCT could serve as an adjunct tool in ensuring proper array 

positioning.

The goal of this study was to examine the feasibility of intrasurgical imaging of Argus II 

retinal prosthesis array after tacking using two different intraoperative OCT platforms: 

portable and microscope-integrated OCT. Microscope integrated imaging of Argus II array 

has not been previously reported.

Methods

A total of six patients underwent surgery for Argus II Retinal Prosthesis System 

implantation at Cole Eye Institute from June 2015 to July 2016. Intraoperative OCT was 

performed on five of these patients undergoing Argus II implantation. All study-related 

procedures were approved by the institutional review board of the Cleveland Clinic. 

Microscope-integrated OCT was performed as part of the DISCOVER intraoperative OCT 

study.4 The study adhered to the tenets of the Declaration of Helsinki. Imaging was 

performed using two platforms, the EnVisu portable OCT system (Bioptigen, Research 

Triangle Park) and RESCAN 700 (Zeiss, Oberkochen, Germany).4 All the surgeries and the 

intraoperative imaging were performed by the two lead surgeons (AVR and AY). The Argus 

implantation surgery is performed under general anesthesia and can take up to 4–5 hours. 

The imaging is performed immediately before and after tacking of the array to the retina, 

which is one of the lasts steps in the surgery.

The EnVisu portable OCT system is mounted to the surgical microscope using a custom 

OCT mount. Aiming of this system occurs through adjustment of the X,Y,Z planes using the 

microscope pedal. OCT focus is controlled manually. The OCT scan head is moved closer or 

further from the eye to adjust the reference delay position.

The RESCAN 700 is a microscope integrated OCT system. Aiming with the RESCAN is 

performed with foot pedal control of the OCT scanning beam. The surgeon may utilize a 
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heads-up display through the oculars or an external monitor display to visualize the surgical 

field with an OCT overlay to target the scan to the region of interest. Focusing is performed 

through a digital slide control on the supplemental display screen.

Our intraoperative imaging goal was to image the entire array including all edges, the body 

of the array, the distance between the array and the retina and the retina immediately 

surrounding the array. The array measures 9 mm by 5.5 mm and consists of 60 platinum 

electrodes that are 200 microns in diameter each. The grasping handle is secured to the distal 

end of the array (closest to the optic nerve) and is used for array handing. The cable is found 

at the proximal end of the array and connects the array to the external components via a pars 

plana incision. The tack is inserted into the opening close to the cable.

In this study, images and workflow for performing intraoperative OCT were analyzed. The 

ease of scanning, the ability to localize and capture the structures of interest, and the ability 

to scan the array’s body and perimeter were evaluated.

Results

Intraoperative OCT was performed on five patients who received the Argus II implant at 

Cole Eye Institute. The EnVisu portable system was used in three cases and Rescan 700 was 

used in three cases.

Imaging was performed immediately before and after the tacking of the array to the retina, 

one of the last surgical steps. The mean operative time for six cases was 3 hr 59 min (range 

3hr 2 min – 5 hr 1 min). The view for tacking of the array and subsequent intraoperative 

OCT may be compromised by corneal edema and corneal scraping was performed in three 

of the five patients. In all patients, corneal scraping improved both microscope and 

intraoperative OCT visualization.

Imaging before the tacking allowed complete examination of the macular contour for 

optimal positioning. Images acquired with the portable external system provided 

visualization of the device and the retina, but did not provide clear differentiation of points 

of interest. Although the retina and the device were visualized, it did not allow us to discern 

in detail the relationship between the array and the underlying neurosensory retina. 

Moreover, the lack of real-time heads-up display feedback precluded surgeon-directed OCT 

imaging and complete scanning along the perimeter of the array since it was hard to track 

which areas had been previously scanned. (Figure 1A and 2A–B)

The microscope-integrated system allowed for real-time feedback, enhanced image quality 

and apparent better signal strength at all points of interest. (Supplemental Video 1) The 

microscope-integrated system allowed for surgeon-directed OCT scanning to areas of 

interest such as the optic nerve in relation to the implant edge, the distance between the 

electrode array and the retina at various locations, the shape of the array (the area free of 

electrodes and the area with electrodes), the grasping handle on the array, the tack and the 

cable coming off the array. (Figure 1B–C, 2 C–D, 3 A–D) Image capture allowed for easy 

co-localization of the OCT-image and the en face reference scan. The areas that have been 

scanned and those that have not could be easily tracked.
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We attempted to image the same areas with both OCT systems, but lack of real-time co-

localization of the B-scan image with the en face image limited the ability of the portable 

external system to scan all areas of interest.

Discussion

The current study shows that intraoperative imaging of the Argus II electrode array is 

feasible and the information that it gives could advance our understanding of the way the 

device provides vision to patients. Both portable and microscope integrated systems allowed 

for intraoperative imaging of the Argus II array. However, in the case of Argus II retinal 

electrode array the imaging with a microscope-integrated system was more efficient and 

provided more useful data.

The use of intraoperative OCT could aid in both securing of the implant during surgery and 

in long-term study of the function of the array. Optimal positioning of the array remains a 

challenge.3 Pre-operative OCT is often suboptimal as these patients cannot maintain fixation 

due to their poor vision. Intraoperative surgeon guided OCT in a patient under general 

anesthesia allows for complete examination of the macular contour. After tacking is 

performed, the array could be manipulated to adjust the positioning slightly. Intraoperative 

OCT provides information about array-retina distance and array tilt and allows for 

immediate adjustment if necessary. A case report describing malrotation of the array utilized 

hand-held intraoperative OCT to confirm that the electrode array was repositioned to be in 

closer contact with the retina and was not elevated by the edge of a macular staphyloma.5 At 

our site, post-tacking adjustment of the array was necessary in one patient, in order to 

optimize the position of the array.

Additionally, intraoperative OCT provides data that could address the long-term functioning 

of the array. Array-retina distance is important for the performance of the device. Significant 

correlation between electrode–retina distance and electrical thresholds (the minimum 

electrical stimulus parameters, such as amplitude and duration, required for initiating an 

action potential) has been established.2 At the same time, it has been shown that there might 

be retinal damage when the retina is directly contacted by the electrodes.6 Moreover, it is not 

currently known if the electrode array changes position after the initial implantation and if 

there are mechanical changes in the neurosensory retina in response to implantation. The 

OCT analysis of a single patient implanted with the original Argus I implant showed fibrotic 

tissue around the tack at 3 years and anatomic distortions in specific areas under the implant 

that may have been caused by pressure induced by a slight tilt of the prosthesis. The latter 

was analyzed at 5 and 10 years after implantation, revealing no additional change in 

anatomic findings.7 Intraoperative OCT provides information about the initial interaction 

between the device and the retina. Due to the healing process, the postoperative imaging of 

the array is not always possible in the immediate postoperative period and, once again, 

limited by the fixation abilities of the patients with poor vision. A limitation of the current 

report is the small number of patients. However, we have been one of the busiest sites in the 

U.S. with a total of 6 surgeries to date.
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In summary, the complexities of imaging the Argus II array appear to be more amenable to a 

microscope-integrated system that allowed the surgeon to direct the OCT image and 

manipulate the eye to maximize signal penetration and image quality. This flexibility of 

imaging also provided rapid feedback on multiple parameters related to the Argus II array/

retina interface. Further research is needed to investigate the role for intraoperative OCT in 

optimizing implant fixation and overall patient outcomes.
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Figure 1. 
Intraoperative OCT of the body of of the Argus II electrode array.

Intraoperative OCT of the body of of the Argus II electrode array utilizing a portable OCT 

system (A) and microscope-integrated OCT system (C). (B) Reference scan for the 

microscope-integrated OCT system.
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Figure 2. 
Intraoperative OCT of the edge of of the Argus II electrode array.

Intraoperative OCT of the edge of of the Argus II electrode array utilizing a portable (A–B) 

and microscope-integrated OCT system (C-D). (A, C) Reference scans for portable OCT 

system and microscope-integrated OCT system, respectively.
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Figure 3. 
Microscope-integrated intraoperative OCT system.

Intraoperative OCT of the edges of of the Argus II electrode array utilizing a microscope-

integrated OCT system. (A, C) Reference images for surgeon directed localization of the 

OCT scan beam. (B) Visualization of the following points of interest: optic nerve in 

relationship to the implant edge (a), the distance between the electrode array and the retina 

(b), the shape of the array (c). (D) Visualization of the following points of interest: the cable 

coming of the array (a), the distance between the electrode array and the retina (b), area of 

array next to the retinal tack (c).
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