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Purpose: To compare magnification and refocusing during phacoemulsification with the NGENUITY® 3-D Visualization System
(3-D) versus the conventional microscope (CM) OPMI LUMERA 700.

Setting: This study was performed in the Department of Anterior Segment of the Fundacion Hospital Nuestra Sefiora de la Luz.
Design: Prospective, randomized, cross-sectional, multi-surgeon, and comparative study.

Methods: This study enrolled 100 patients (eyes) scheduled for phacoemulsification to measure the number of times changes in
focusing and magnification were needed during cataract surgery.

Results: Our study included 100 patients. From the endpoints evaluated, “zoom-in” showed statistically significant differences for all
of the four predefined cataract surgery steps (means: Step 1, 0.38 (CM) vs 0.08 (3-D); Step 2, 0.36 (CM) vs 0.06 (3-D); Step 3, 0.54
(CM) vs 0.22 (3-D); Step 4, 0.56 (CM) vs 0.24 (3-D); all comparisons, p <0.05). In Step 4, there was a statistically significant
increased use of “focus-out” for the 3-D system (mean 0.16 (CM) vs 0.58 (3-D); p <0.05). “Focus-in” and “zoom-out” showed no
group differences for all steps. The duration of surgery with the 3-D system was longer at each step and overall. The percentage of
light intensity did not show a statistically significant difference between both systems, with a mean of 99.45 for CM vs 98.43% for the
heads-up system.

Conclusion: The heads-up 3-D system is a safe option that offers excellent magnification for anterior segment visualization. The
surgical time is longer, but adjusting settings like light intensity and brightness may facilitate some surgical steps early in the learning
curve.
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Introduction

Using conventional microscopes (CM) may predispose eye surgeons to musculoskeletal injuries, especially of the back
and neck, leading to pain and disability due to poor ergonomics.' To improve ergonomics and visualization, teaching, and
training during ocular surgeries, three-dimensional (3-D) visualization systems were developed for the first time in 1999.>
These systems allow the surgeon a more comfortable “heads-up” position instead of looking down through a standard
microscope with a flexed neck posture that induces muscle tension in the back and the neck. Another claimed advantage
of 3-D systems in ophthalmology is the possibility of using lower light intensity due to the risk of phototoxicity.® Finally,
the smaller aperture of the High Dynamic Range (HDR) camera of the 3-D system provides a better depth of field that
reduces the need for frequent focus adjustments.*
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All these factors, in theory, would facilitate anterior segment surgery; however, the real-life performance of heads-up
systems in cataract surgery has not been extensively studied. Some literature reports have not found differences between
three-dimensional visualization and conventional microscopy.” For example, a large retrospective study that included
more than 2000 eyes that evaluated posterior capsular rupture and vitreous prolapse rates, as well as surgery duration,
concluded that safety and efficiency are similar between the heads-up system and traditional binocular microscopy.” On

9 such as enhanced operative fluency,® surgeon’s perception of

the contrary, other studies claim several advantages,
better ergonomics, visualization, safety, and improved training experience,”* as well as a reduction in the risk of
phototoxicity.”

One of the main advantages claimed by the heads-up systems is the need for fewer magnification and refocusing
adjustments, which is why in this study, we quantitatively report these factors considered differentiators of three-

dimensional visualization as a superior technique for cataract surgery performed by experienced surgeons.

Methods

Study Design

Prospective, randomized, cross-sectional, and comparative study of the heads-up NGENUITY 3-D® Visualization
System (Alcon Laboratories, USA) and a conventional microscope (OPMI LUMERA 700; Carl Zeiss Meditec,
Germany).

Study Population
We included adult patients (50 to 70 years of age) diagnosed with grade 3 or 4 cataracts according to the LOCS III
grading standard, with a formal indication for phacoemulsification, and who provided informed consent. After informed
consent, patients underwent a complete slit-lamp examination to confirm cataract grade, exclude corneal disorders that
would compromise visualization during surgery, and confirm the presence of red reflex. Patients with a history of ocular
surgery were excluded.

Surgical Technique, Treatment, and Assessment

Cataract surgery was divided into four steps to register the number of refocusing and magnification adjustments for each
step: 1. Clear corneal incision, Capsulorrhexis, hydrodissection, and nucleus rotation; II. Phacoemulsification; III. Cortex
aspiration and intraocular lens implantation. IV. Viscoelastic aspiration and incision suture. An engineer at our institution
designed a counter connected to the microscope footswitch that recorded the number of times the “zoom-in/zoom-out
/focus-in/focus-out” rocker was pressed (Figure 1).

All microscope parameters were standardized before surgery, using neutral magnification and focus and 70% light
intensity. These were considered the baseline parameters. Phacoemulsification was performed through a 2.4 mm clear
corneal incision using the Centurion® Vision System (Alcon Laboratories, USA). A foldable acrylic intraocular lens
(single-piece AcrySof SAG60AT, Alcon Laboratories, USA) was inserted in the capsular bag using the Monarch 1IB
implantation system. All phaco incisions were sutured with 10—0 nylon.

Endpoints
Primary Endpoint
The number of refocusing and magnification adjustments during cataract surgery.

Secondary Endpoints
e Percentage of light intensity registered on the microscope display during surgery.
e Total duration of surgery (in minutes and seconds).
e Duration of the different surgical steps (in minutes and seconds).

Exploratory Endpoint
The number of intraoperative complications.
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Figure | Counter connected to the microscope footswitch.

Statistical Analysis
Since no studies report the number of magnification and refocusing adjustments needed during cataract surgery, we used
convenience sampling. We selected a sample size of 50 subjects per group.

The analyses were carried out using the statistical packages RStudio and IBM SPSS version 28, utilizing descriptive
statistics with tables and graphs representing the absolute and relative values of the qualitative variables. The assumption
of normality was verified using the Shapiro—Wilk test for quantitative variables. We used the Mann—Whitney test to
compare the means, and statistical significance was established with a p-value <0.05.

This study obtained written informed consent from all patients before enrollment. The study protocol was approved
by the Ethics Committee of the Fundacion Hospital Nuestra Sefiora de la Luz I.A.P. and conformed to the ethical
guidelines of the Declaration of Helsinki.

Results
We included 100 patients (eyes) with a mean age of 70.91 years, 56 women and 44 men; 52% were right eyes, and 48%
were left (Table 1).

When comparing both visualization systems, we observed statistically significant differences regarding the duration
of each step, with shorter times in all steps for CM (means: Step 1, 2.92 minutes (CM) vs 4.64 minutes (3-D); Step 2, 4.3

Table | Clinical Characteristics of the Patients

Clinical Characteristics Values
Age (mean (SD)) 70.91 (11.03)
Sex (n (%))
Women 56 (56.00)
Men 44 (44.00)
Eye (n (%))
Right 52 (52.00)
Left 48 (48.00)

Abbreviation: SD, standard deviation.
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Table 2 Comparison of Surgery Duration

Step Duration of Surgery in Minutes p-value
CM 3-D
Mean (SD) Mean (SD) Difference
Step | 2.92 (0.88) 4.64 (0.98) 1.72 <0.001*
Step 2 4.3 (1.56) 5.9 (1.37) 1.6 <0.001*
Step 3 3.44 (1.07) 5.42 (1.47) 1.98 <0.001*
Step 4 3.28 (0.95) 5.08 (1.24) 1.8 <0.001*

Note: *Significant differences, based on Mann Whitney test.
Abbreviation: SD, standard deviation.

minutes (CM) vs 5.9 minutes (3-D); Step 3, 3.44 minutes vs 5.42 minutes (3-D); Step 4, 3.28 minutes (CM) vs 5.08
minutes (3-D); all comparisons with a p-value <0.05; see Table 2). This was also reflected in the total duration of surgery
(see Figure 2).

Regarding magnification and focusing endpoints, “focus-in” and “zoom-out” showed no differences between groups
for all steps. On the other hand, “zoom-in” showed statistically significant differences for all steps, with lower use of this
parameter for the heads-up system (means: Step 1, 0.38 (CM) vs 0.08 (3-D); Step 2, 0.36 (CM) vs 0.06 (3-D); Step 3,
0.54 (CM) vs 0.22 (3-D); Step 4, 0.56 (CM) vs 0.24 (3-D); Total, 1.84 (CM) vs 0.6 (3-D); all comparisons with a p-value
<0.05; see Table 3). Finally, Step 4 was the only one with a statistically significant increased use of “focus-out” for the
3-D system (CM 0.16 vs 3-D 0.58; p-value 0.008).

The percentage of light intensity did not show statistically significant differences between both systems, with a mean
of 99.45 for CM and 98.43 for 3-D; p-value 0.695; see Table 2). There were no intraoperative complications.
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Figure 2 Comparison of duration of surgery by system.
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Table 3 Comparison of Magnification and Focus Between Systems per Step

Endpoints Visualization p-value
CM 3-D
Mean (SD) Mean (SD)
Step |
Zoom out 0.08 (0.27) 0.04 (0.2) 0.402
Zoom in 0.38 (0.73) 0.08 (0.27) 0.008*
Focus out 0.24 (0.69) 0.06 (0.24) 0.178
Focus in 0.58 (1.01) 0.34 (0.75) 0.104
Step 2
Zoom out 0.24 (0.52) 0.1 (0.3) 0.148
Zoom in 0.36 (0.66) 0.06 (0.24) 0.003*
Focus out 0.46 (0.84) 0.42 (1.13) 0.607
Focus in 1.2 (1.88) 1 (1.81) 0.236
Step 3
Zoom out 0.66 (0.72) 0.52 (0.71) 0.258
Zoom in 0.54 (0.71) 0.22 (0.51) 0.006*
Focus out 0.2 (0.53) 0.46 (0.97) 0.447
Focus in 0.56 (1.03) 0.82 (1.45) 0.127
Step 4
Zoom out 0.8 (0.86) 0.86 (1.07) 0.920
Zoom in 0.56 (0.84) 0.24 (0.48) 0.035*%
Focus out 0.16 (0.47) 0.58 (1.01) 0.008*
Focus in 0.32 (0.74) 0.52 (0.89) 0.173
Total
Zoom out 1.78 (1.56) 1.52 (1.71) 0.282
Zoom in 1.84 (1.72) 0.6 (1.01) <0.001*
Focus out 1.06 (1.58) 1.52 (2.4) 0918
Focus in 2.66 (3.68) 2.68 (3.43) 0.885
Light intensity 99.45 (1.96) 98.43 (7.45) 0.695

Note: *Significant differences, based on Mann Whitney test.
Abbreviation: SD, standard deviation.

Discussion

It has been claimed that heads-up surgery through a 3-D visualization display could offer advantages during cataract
surgery compared to a conventional microscope, including improved visualization, depth of field, magnification, light
intensity, and teaching, among others.**® In this study, we objectively assessed if there is a reduced need for
adjustments of magnification and focus during cataract surgery and whether a presumed change in these adjustments
influences the duration of surgery.

One of the parameters that showed a relevant difference between systems was the “zoom-in”, with a much lower
statistically significant use with the 3-D system for all steps. This is not surprising since it is probably secondary to the
magnification that the 3-D system offers, due to the screen size of 55 inches located 1.2 meters away from the surgeon,
compared to the limited field of view of conventional microscopy.

We observed a large difference regarding “focus-out”, with a statistically significant greater use with the 3-D system. This
was true only for Step 4, specifically during suture placement, when it was necessary to “focus-out” the image significantly to
facilitate maneuvers on the ocular surface. In a surgical microscope, resolution and magnification must be sufficiently high, but
if magnification is too high, there is an impairment of eye-to-hand coordination.'® While magnification is an advantage with
heads-up 3-D systems, when working for the first time with this type of visualization device, there is an adjustment period for
surgeons to get used to visualizing and performing specific steps, like in the case of suture placement.

Previous studies reported that with an aperture of 25%, the depth of field was significantly greater compared with a
standard microscope; however, this aperture size was associated with a loss of brightness.'" Other authors that evaluated
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the 3-D heads-up system versus CM issued recommendations on optimizing the surgical experience and suggested setting
the aperture at 30% to get the best brightness and depth of field,'* as we did in our study. Theoretically, since the depth of
field is greater than in CM, this would imply less need for Focus-in the 3-D system; however, we did not observe
differences in this parameter. We believe that since only expert surgeons in the use of CM participated in the study, they
did not need to use the “Focus-in” frequently, as is the case during the learning curve. However, we did not evaluate the
endpoints of this study with less experienced surgeons, so further studies would be needed to confirm this.

Since some studies state that one of the advantages of three-dimensional systems is the reduction in surgical time, our team
expected to see this reflected in the results. However, we observed a statistically significant increase in surgical time of 7.1
minutes with the 3-D system, as previously reported.® When evaluating each step, we observed that the difference was about
1.5-2 additional minutes using the 3-D system for the four steps. We believe that this difference is secondary to the learning
curve of the 3-D system, determined by the adaptation to the system’s magnification and the preset depth of field. The depth of
field plays a determining role in 3-D surgery, and there is a difference in visualization between anterior and posterior segment
surgery, where the work area is wider in the latter due to the depth of the vitreous cavity. On the contrary, in cataract surgery,
the learning curve with CM is partly determined by the correct focus of the working areas. CM-trained cataract surgeons are
used to working on the anterior capsule while the posterior capsule is out of focus, and vice versa. In 3-D surgery, since the
depth of field is greater, all the structures are in focus; that is, the anterior and posterior capsules are in focus simultaneously,
something that can generate in the surgeon the perception that one is “dangerously” near a particular structure. This can slow
down the surgery during the learning curve with the 3-D system. To reduce this effect, the aperture can be enlarged to >30%, as
this would reduce the depth of focus and increase brightness, as explained above. The correct setting of the parameters in each
surgical step can facilitate the learning curve and decrease the surgical time.

Regarding light intensity, the baseline value was established at 70% before surgery, and surgeons were allowed to
modify it at their convenience. Although the literature reports the use of lower light intensity with 3-D technology, in our
study, all surgeons changed the light intensity level to almost 100% with both CM and 3-D. This result is inconsistent

with previous reports'*'*

in anterior and posterior segment surgery. Our results could be explained by the difference that
operating in a dark cavity such as the posterior segment implies, which, when illuminated by an endoilluminator that
transmits light directly to a specific structure, induces more notorious contrasts that make it easier to reduce light
intensity, unlike anterior segment surgery in which light intensity is essential, especially during the learning curve, and is
entirely dependent on external coaxial illumination. There are two other factors to consider. The first is that this work was
not intended to evaluate the lowest light intensity that allows performing cataract surgery safely, as previously reported,'”
but to record the light intensity used by surgeons in their learning curve and compare it with the light intensity of the CM.
The second is that we did not adjust the brightness of the 3-D screen, a tool that can be implemented to compensate for
reduced microscope illumination. Although we could have increased the brightness to decrease light intensity, per
protocol, we did not want to modify this variable and used the system’s default brightness.

Finally, in addition to the fact that there were no intraoperative complications in any of the groups, confirming the
previously reported safety of the 3-D visualization system,” we observed other advantages. For example, live collective
learning is essential for surgical understanding in teaching hospitals. Complications related to inadequate visualization by
residents are significantly reduced with 3-D surgery. What the surgeon sees is seen by everyone in the room. In addition,
ergonomic comfort for both the main surgeon and the assistant surgeon are essential, especially when performing
substantial numbers of procedures per day, as in our teaching hospital. Lastly, although we did not assess ergonomics
and comfort as endpoints in this study, we plan to conduct a study that evaluates such parameters since the surgical team
agreed that the system feels more comfortable, as reported in other studies.’

What was Known
Heads-up 3-D systems have improved visualization and surgical efficiency in posterior segment surgery.

What this Paper Adds

Heads-up 3-D systems are safe and valuable in anterior segment surgery; it is essential to consider the different features
and specifics when using the system compared to posterior segment surgery.
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