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Purpose: Novel 3D digital display systems, such as NGENUITY 3D digitally assisted
visualization system (DAVS), can provide enhanced illumination, depth of field, and digital
filtering. This study compared vitreous removal using NGENUITY 3D DAVS with
a standard surgical microscope.

Methods: This was an in vivo, 2-arm laboratory study in 15 Yorkshire pig eyes. The LuxOR LX3
microscope with NGENUITY 3D DAVS (arm 1) and the LuxOR LX3 microscope alone (arm 2)
were used with 5x optical magnification and Oculus BIOM 200 mm optics. Standard core and
peripheral vitrectomy without scleral depression was performed using the CONSTELLATION
Vision System. Residual vitreous weight was assessed in enucleated eyes by a masked observer.
Axial length and vitreous weight of contralateral eyes were compared from an additional 14
Yorkshire pigs to confirm that eyes from a single animal were essentially identical.

Results: After vitrectomy, mean + SD residual vitreous was significantly smaller with
NGENUITY versus standard microscope (0.143 £ 0.146 versus 0.580 =+ 0.269 g, respectively;
P <0.0001). Based on a mean initial vitreous weight of 2.5 g, as determined by assessment in
contralateral eyes from an additional 14 Yorkshire pigs, the mean percentage vitreous removal
was 94% =+
contralateral eyes from any single animal in these additional 14 animals were essentially

6% versus 77% + 11%, respectively. Further, vitreous weight and axial length for

identical, as mean differences were 0.046 £+ 0.035 g and 0.11 £ 0.08 mm, respectively.
Conclusion: Vitrectomy with NGENUITY 3D DAVS resulted in significantly less residual
vitreous in pig eyes compared with standard microscopy. NGENUITY may improve vitreous
removal during vitreoretinal surgery by enhancing visualization.
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Introduction

Optical microscopy has been routinely used for intraoperative visualization during
vitreoretinal surgery. However, its drawbacks include reliance on microscope oculars;
excess light exposure; and limitations in field of view, contrast, color, and sharpness.l’2
Novel 3D digital display systems can improve illumination and ergonomics, as well as
enable surgeons to manipulate the display image to augment visibility.**

The NGENUITY™ 3D digitally assisted visualization system (DAVS; Alcon
Vision LLC, Fort Worth, TX, USA) displays images from a camera mounted on the
microscope in real time using a high-definition digital 3D display.” Digital signals
from the camera can be amplified to enhance the brightness of the surgical field,
enabling the use of lower endoillumination levels with 3D systems compared with
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standard microscopy, and reducing the risk of
phototoxicity.” ® Additionally, the NGENUITY system
uses a smaller camera aperture while keeping the eye
illumination the same, enhancing the depth of field.
Based on theoretical calculations, depth of field with
NGENUITY when the camera aperture is reduced to
30% can be 2 to 3 times greater than that of a standard
operating microscope with focal length of 200 mm and
10x oculars.”

The use of digital image enhancement during vitrectomy
can enable surgeons to see through vitreous opacities and
potentially improve success and efficiency of vitreoretinal
surgery.” Incomplete removal of residual vitreous can result
in a number of complications including vitreous incarcera-
tion and retinal detachment.”'® NGENUITY color channels
can improve vitreous visualization and allow surgeons to
improve surgical tasks such as vitreous removal. The pur-
pose of this preclinical study was to assess if the use of
NGENUITY 3D DAVS would allow the surgeon to remove
more vitreous during vitrectomy surgery compared with
a standard surgical microscope.

Methods

Study Design

The primary investigation was a prospective, in vivo,
2-arm laboratory study using the CONSTELLATION®
Vision System (Alcon Vision LLC) for vitrectomy surgery
in porcine eyes. Arm 1 of the study used the LuxOR® LX3
microscope (Alcon Vision LLC) with NGENUITY DAVS
visualization system (investigational use); arm 2 used the
LuxOR LX3 microscope alone (Table 1). Both micro-
scopes used 5% optical magnification and were fitted with
Oculus BIOM® (OCULUS Optikgerite GmbH, Wetzlar,
Germany) 200 mm vitrectomy optics. Parameters for both
microscopes and vision systems were standardized across
groups. This study adhered to the principles found in the

Table |1 Equipment Settings

Arm |
NGENUITY 3D DAVS

Arm 2
Standard

Microscope

CONSTELLATION

Vision System

CONSTELLATION

Vision System

Vitrectomy

platform

Visualization LuxOR LX3 with LuxOR LX3 with

system NGENUITY 3D DAVS standard binocular
Vitrectomy Oculus BIOM 200 mm Oculus BIOM 200 mm
optics

Optimal x5 x5

magnification

Abbreviation: DAVS, digitally assisted visualization system.

visualization system paired with the LuxOR LX3 micro-
scope or LuxOR LX3 alone (Table 1). NGENUITY 3D
DAVS parameters for vitrectomy are summarized in
Table 2. Posterior vitreous detachment was followed by
a standard core and peripheral vitrectomy without scleral
depression. To reduce surgical bias, the visualization
method was alternated between the left eye (OS) and
right eye (OD).

Residual Vitreous Assessment
For residual vitreous assessment, enucleated eyes were
trimmed of adnexa (Figure 1A), and each eye was bisected
posterior to the lens by a masked prosector (Figure 1B).
Any residual irrigating solution was drained, and the eye
was blotted dry to remove any extraneous solution. Both
segments of the bisected eye were weighed by a masked
observer. After residual vitreous was stripped from the
tissues with a surgical

remaining ocular sponge

(Figure 1C and D), the eye segments were weighed

Table 2 NGENUITY 3D DAVS Settings Applied During Surgery

ARVO Statement for the Use of Animals in Ophthalmic Parameters NGENUITY 3D DAVS Settings
and Vision Research. Before study initiation, all animal
. ) o Camera Standard
procedures received approval from Alcon’s Institutional i
. . Light profile Xenon
Animal Care and Use Committee. Gain |
Channel Off
Surgical Procedure RGB 100, 100, 100
A3 ved t . tival 23 | Brightness 49.00
-port valved transconjunctiva -gauge pars plana Contrast 52,50
vitrectomy was performed in both eyes of live Yorkshire Gamma 1.00
pigs (Sus scrofa, Pratt Livestock, Aubrey, TX, USA) under Hue 32
general anesthesia using CONSTELLATION Vision Saturation 87
System in conjunction with the NGENUITY 3D  Abbreviations: DAVS, digitally assisted visualization system; RGB, red green blue.
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Figure | Residual vitreous assessment. Posterior segment of the eye was removed (A), the eye was bisected (B), and residual vitreous was stripped (C and D).

a second time. The second weight was subtracted from the
first to determine the residual vitreous weight. Paired
differences in residual vitreous between arms were ana-
lyzed using a paired #-test at the 0.05 type I level.

Assessment of Axial Length and Vitreous

Volume in Contralateral Eyes

To model clinical settings, the vitrectomy portion of this
study was conducted in live pigs; all vitrectomies were
undertaken by the same surgeon. Comparison of post-
surgical residual vitreous weight was based on an
assumption that both eyes from a single animal were
essentially identical in size and vitreous weight before
surgery. To confirm this assumption, a separate study
was conducted to compare axial length and vitreous
weight of the right and left eyes of the porcine model.
These data also provided the basis by which percentage
vitreous removal was determined in the main
experiment.

Axial length was assessed on 14 Yorkshire pigs (Sus
scrofa, Pratt Livestock, Aubrey, TX, USA) under general
anesthesia using A-scan with Lenstar LS 900 (Haag-Streit
AG, Koeniz, Switzerland) optical low-coherence reflectome-
try biometer. The pigs were then euthanized and vitreous

weight assessments were performed as described above.

Differences in vitreous weights between eyes were determined
for individual animals and for the group mean, with the con-
fidence interval (CI) determined for the mean absolute differ-
ence, based on #-distribution. P values were calculated using
paired #-test.

Results
Vitreous Removal with NGENUITY 3D
DAVS versus Standard Surgical Microscope

To assess vitreous removal, eyes from 15 Yorkshire pigs
weighing 32 to 34 kg (4 females and 11 males, 2-3
months old) were used. Mean = SD residual vitreous
was 0.143 + 0.146 g after vitrectomy using the
NGENUITY 3D DAVS compared with 0.580 + 0.269
g using the LuxOR microscope alone. Vitrectomy using
NGENUITY 3D DAVS resulted in significantly greater
vitreous removal compared with standard visualization
microscopy (P < 0.0001; Figure 2A); the mean paired
difference was 0.436 g. Based on the mean initial vitr-
eous weight of 2.5 g (as described in the following
section), the mean percentage of vitreous removed was
94%+6% with NGENUITY 3D DAVS visualization
compared with 77%=+11% with standard visualization
(Figure 2B).
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Figure 2 Comparison of NGENUITY 3D DAVS and a standard visualization system for the removal of vitreous. Mean residual vitreous (A) and mean percentage of vitreous

removed (B) are shown (n = I5). *P < 0.0001.
Abbreviation: 3D DAVS, 3D digitally assisted visualization system.

Contralateral Comparability of Ocular

Parameters in the Porcine Eye Model

To compare vitreous weight and axial length in contralateral
eyes, eyes from 14 Yorkshire pigs weighing 27 to 36 kg (5
females and 9 males, 2-3 months old) were used. Mean + SD
vitreous weight was 2.47 + 0.15 and 2.49 + 0.15 g for OD and
OS, respectively (Table 3). Differences in vitreous weight
between OD and OS ranged from 0.001 to 0.118 g (Table 4),
with a mean difference of 0.046 + 0.035 g. Mean percentage
difference in vitreous weight for the contralateral eyes was
1.87. Mean = SD axial length was 17.5 £ 0.2 mm for both OD
and OS. Difference in axial length between OD and OS
ranged from 0 to 0.28 mm, with an average mean difference
of 0.11 + 0.08 mm. There was no correlation between body
weight and axial length (R’= 0.048) or between vitreous
weight and axial length (R*= 0.153).

Discussion

In this study, we compared the use of NGENUITY 3D
DAVS and a standard microscope for pars plana vitrectomy
in porcine eyes, with 5x optical magnification in both sys-
tems. Vitrectomy with 3D DAVS resulted in significantly
less residual vitreous in the eye compared with vitrectomy

Table 3 Comparison of OD and OS

using only a standard microscope (P < 0.0001).
Additionally, our analysis of ocular parameters of the por-
cine eyes found that there were minimal variations in vitr-
eous weight or axial length between a given animal’s OD
and OS. Based on our measurements, mean vitreous weight
was approximately 2.5 g for both OS and OD. These data
were used to calculate the percentage of vitreous removed
with 3D DAVS system (94%) compared with the standard
microscope (77%). The greater percentage of vitreous
removal achieved with NGENUITY 3D DAVS may be
a consequence of better visualization during vitrectomy
(Figure 3).

3D heads-up visualization systems provide a number of
surgery-enhancing tools that may result in better out-
comes, including better depth of field and the use of digital
color filters. Enhanced depth of field can bring multiple
planes in focus and allows for a broader field of view.’
Studies that assessed surgical experience reported
enhanced depth of field with NGENUITY.*? Specifically,
a 3D system received significantly higher ratings for depth
perception from both surgeons and observers compared
with a standard microscope (P < 0.001)."" Another study
reported that with an aperture of 25%, the depth of field

Mean t SD Vitreous Mean + SD Axial Difference Between OD and OS
Weight, g Length, mm . . i .
Mean * SD Difference in Vitreous | Percentage Difference in Vitreous
Weight, g Weight, %
oD 247 £0.15 17.48 + 0.19 0.046 * 0.035 1.87
oS 249 £0.15 17.54 £ 0.20

Abbreviations: OD, right eye; OS, left eye.
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Table 4 Vitreous Weight and Axial Length for Contralateral Eyes in Comparison Analysis

Animal Vitreous Weight, g Axial Length, mm
oD os Difference Between OD oD os Difference Between OD
and OS, g and OS, mm
| 2.1517 2.2378 0.0861 17.46 17.18 0.28
2 2.4288 2.3884 0.0404 17.19 17.28 0.09
3 2.5095 2.5925 0.0830 17.82 17.71 0.11
4 2.7157 2.7145 0.0012 17.69 17.72 0.03
5 2.5450 2.5368 0.0082 17.42 17.53 0.11
6 2.3515 2.3408 0.0107 17.60 17.80 0.20
7 24919 2.5024 0.0105 17.55 17.60 0.05
8 2.3787 2.4473 0.0686 17.61 17.77 0.16
9 24122 2.5300 0.1178 17.52 17.55 0.03
10 24118 2.3767 0.0351 17.27 17.36 0.09
11 2.3791 23124 0.0667 17.21 17.34 0.13
12 2.6853 2.7471 0.0618 17.66 17.66 0
13 2.5239 2.4871 0.0368 17.45 17.68 0.23
14 2.6228 2.6008 0.0220 17.32 17.34 0.02
Mean (SD) 2.47 (0.15) | 2.49 (0.15) 0.0464 (0.0352) 17.48 (0.18) | 17.54 (0.20) 0.11 (0.08)
P value (OD vs OS) 0.35 0.15

Note: P values were calculated using paired t-test.
Abbreviations: OD, right eye; OS, left eye.

was considerably greater with a 3D system compared with
a standard microscope (32 vs 14 mm, respectively),
although there was a marked loss of brightness.'?
Additionally, peripheral acuity was reported to be better
when using the NGENUITY system, which provides high

Figure 3 Vitreous visualization using NGENUITY 3D digitally assisted visualization
system alternated between right eye and left eye to reduce surgical bias; vitreous
was highlighted in a blue color.

magnification with a wide field of view,'* which may have
contributed to the more complete vitreous removal using
the NGENUITY system.

With 3D visualization systems, digital color filters can
be used to enhance visibility of specific tissues; for exam-
ple, blue tint can be used to better identify the vitreous. In
porcine eyes, color channels affected the image quality,
and the use of blue channel enhanced visualization of the
peripheral vitreous.'®> The use of digital filters and high-
resolution magnification in the 3D group may provide
optimal visualization of the vitreous remnants without
the need for triamcinolone staining.” Enhanced visualiza-
tion of peripheral vitreous achieved as a result of better
peripheral acuity and the use of digital filters may lead to
more complete vitreous removal and better surgical out-
comes, consistent with findings reported for NGENUITY
3D DAVS in this study.

Head-up surgery using 3D systems has been demon-
strated to work well for routine vitreoretinal procedures,
providing a large viewing display and higher magnifica-
tion levels as well as enabling electronic amplification of
the camera’s signal to augment the brightness of the
surgical field without exposing the retina to additional
light,
outcomes.'>'* A number of studies demonstrated that

contributing to improved ocular surgery
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vitreoretinal surgeries using 3D systems could be per-
formed at 10% endoillumination without a decrease of
image quality; conventional surgery was reported as
typically using 35% endoillumination.®'"!3'> A study
that compared efficacy and safety of a 3D system with
standard of care also found that minimum endoillumina-
tion was significantly lower with the 3D system com-
pared with a standard microscope (P = 0.008).'® These
results suggest that digital enhancements of NGENUITY
system parameters (ie, brightness, color balance, and
contrast) allow the use of low endoillumination levels
and may reduce the risk of phototoxicity during surgery.

A strength of this study was that the surgeon was
experienced with the NGENUITY 3D DAVS, as use of
this system may require an initial learning curve for the
surgeon.” A limitation of this study was that masking of
the experimental groups throughout the study was not
possible. However, measurements (eg, vitreous weight)
were taken by a single masked prosector. Additionally,
we may not have removed all vitreous from the porcine
eyes in our baseline comparator model, resulting in an
overestimation of the percentage removal of vitreous in
both arms of our experiment; nonetheless, the
NGENUITY 3D DAVS removed a significantly greater
percentage of vitreous than using the LuxOR microscope
alone.

Conclusions

The current study quantitatively evaluated removal of vitr-
eous in porcine eyes using the NGENUITY 3D DAVS
versus a standard microscope. Based on our measurements,
17% more vitreous was removed from eyes using the
NGENUITY 3D DAVS compared with eyes using
a standard microscope. The amount of residual vitreous in
eyes was significantly less in the 3D DAVS group versus the
standard group, potentially because the surgeon could better
visualize vitreous in the periphery, leading to more com-
plete vitreous removal. In porcine eyes, color channels
affected the image quality: specifically, the use of blue
channel enhanced visualization of the peripheral vitreous.
These findings suggest that NGENUITY 3D DAVS can be
used successfully for vitrectomy; the combination of digital
filters and high-resolution magnification may provide
optimal visualization of the vitreous remnants without the
need for triamcinolone staining. Future studies are needed
to evaluate clinical benefits of enhanced visualization of
vitreous using NGENUITY 3D DAVS.

Abbreviations
DAVS, digitally assisted visualization system; OD, right
eye; OS, left eye.
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