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Purpose: To evaluate the effect of each of the tip sizes available for the Oertli CataRhex3® phacoemulsification machine on
efficiency.
Methods: Porcine lenses were fixed in formalin for 2 hours, then cut into 3.0 mm cubes. We studied three Oertli tips, all of which had
a 30-degree bevel: easyTip 2.2 mm (20G), easyTip 2.8 mm (19G), and CO-MICS (21G). For the 19G and 20G tips, vacuum was set at
600 mmHg, irrigation rate at 50 mL/min, continuous power 70%, and bottle height 85 cm. For the 21G tip, vacuum was set at 450
mmHg; irrigation and power settings were identical to those used for the easyTip tips. We measured time to removal and chatter events
to determine efficiency.
Results: Results from 20 trials for each tip showed that the larger the gauge size, the more quickly lens fragments were removed.
Chatter events demonstrated an increasing trend with smaller tip gauge. The 19G tip used an average time to fragment removal of 2.8
seconds; the 20G, 3.2 seconds; and the 21G, 4.6 seconds. Increasing tip diameter from 21G to 20G decreased emulsification time by
33% (P = 0.02). Increasing the diameter from 21G to 19G further decreased time to emulsification by 42% (P = 0.003). The 21G tip
had a mean 1.4 events/cube; 20G, 0.35 events; and 19G, 0.1 events. Differences in mean chatter events for each tip were each
statistically significant.
Conclusion: These data suggest that when evaluated by chatter events and emulsification time, the 2.8 mm (19G) easyTip proves to
have greatest efficiency.
Keywords: phacoemulsification cataract, needle, tip size, efficiency, Oertli CataRhex3, longitudinal torsional power

Plain Language Summary
Cataracts are one of the main causes of low vision and blindness throughout the world. This is especially true in low- and middle-income
countries where world access to health services is relatively limited. The Oertli CataRhex3 is a lightweight phacoemulsification platform
making it ideal for use in settings where portability and reliability are prioritized. Until now, little research into how to most safely and
efficiently perform surgery with this machine has been done. In this study, we looked at each of the surgical tip sizes—19G, 20G, and 21G
—used by the CataRhex3 and tested to see which could remove the lens most efficiently. We found that the widest diameter tip (19G) was
significantly more efficient than the others. This will help surgeons using this machine improve care for patients, particularly in low-
resources settings.

Introduction
Unoperated cataracts account for visual impairment in 65.2 million of the estimated 2.2 billion people with moderate to
severe vision impairment worldwide.1–4 Although manual small incision cataract surgery remains an important surgical
approach in areas with high cataract burden, phacoemulsification (Phaco) utilization continues to increase throughout the
world.5–7
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Portable and reliable equipment remains one of the obstacles to phacoemulsification adoption as an approach in low
resource settings. The Oertli CataRhex 3® (Oertli) phaco platform has a small profile, weighing only 5 kg, with
dimensions of 22 × 24 x 18.3 cm and voltage capabilities between 100 and 240.8,9

Optimal phaco settings have been evaluated on many other commonly used machines.10–36 Due to the unique size and
portability of the CataRhex platform, evaluating surgical settings on this system is an important area of research. Minimizing the
power and duration of phaco engaged intraoperatively improves outcomes and minimizes complications. This paper is a key
evaluation in our series to systematically evaluate the optimum settings and provide guidance for surgeons.9,37 It builds on
previous studies that establish differences between efficiency and chatter using horizontal and longitudinal ultrasound with
different gauged tips, efficiency being the shortest time possible to groove the lens.36 This study evaluates the efficiency and
chatter events between the three tip diameters available on Oertli platform.

Materials and Methods
This study did not involve human subjects or laboratory animals, so Institutional Review Board/Institutional Animal Care
and Use Committee approval did not apply.

We performed our experiments using the following Oertli tip diameters, all of which have a 30-degree bevel: easyTip
2.2 mm (20G), easyTip 2.8 mm (19G), and CO-MICS (21G). Our experimental design for the tips were: 600 mmHg
vacuum, 50 mL/min irrigation rate, and 70% continuous power. However, at 600 mmHg vacuum pressure, the 21G tip
impaled through the lens cubes, halting emulsification and aspiration of the piece. To allow the 21G tip to be included in
the evaluations, we decreased the vacuum to 450 mmHg and proceeded with the study as outlined. Bottle height was
maintained at 85 cm, measured from ¾ from the bottom of the drop chamber to the experimentation site. Aspiration and
vacuum were set at relatively aggressive levels given the 3–4+ density of the pieces.

Lens Preparation
Intact porcine lenses purchased from a supplier (Visiontech, Inc., Sunnyvale, TX, USA) were dissected no longer than 48
hours after they were received. After hardening these lenses in formalin for 2 hours, they were washed 3 times and soaked in
balanced salt solution (BSS) (Alcon Sterile Irrigating Solution 500 ml 0060795-50) for 24 hours, as previously described.38

A device which allows cutting of uniform lens cubes was used to produce 3.0 mm cubes. For this evaluation we chose
the 3.0 mm cube in order to completely occlude all three tip gauges. Of note, the 3.0 mm cube also more closely
replicates larger lens fragments more commonly seen in quadrant removal steps of cataract surgery.

Experimental Procedure
Twenty lens cubes were emulsified with each tip during the experiment, for a total of 60 experimental runs. Each run began with
a lens cube that was selected at random and placed in the silicone testing chamber. Once the cube was in contact with the tip,
phaco was turned to full power and the efficiency, defined as the time necessary for complete emulsification, was recorded.
Throughout the test, the bevel was positioned upward so as to ensure that the irrigation flowed out laterally andwas parallel to the
base of the testing chamber. This technique replicated the clinical setting and allowed for consistency between each cube. Chatter
events, defined as the number of incidents in which the cube was lost from the tip despite adequate aspiration, were recorded and
time was stopped until the cube could be repositioned onto the tip. The surgeon used the same pedal maneuver and specified
settings among all tips tested.

Statistical Analysis
After averaging efficiency times, means were calculated. Efficiency times for each tip gauge were compared using one-
way ANOVA. When a significant P-value was found, we used Student’s t-tests in order to discern relationships among
variables. Significance was set at a P-value of ≤0.05.

In our experimental design, it is possible for cubes to bounce from the tip for several seconds, accounting for the two
data points that were more than two standard deviations from the mean. As in our previous investigations, these data
were considered outliers and excluded from analyses, which were conducted using Microsoft Excel (Microsoft
Corporation, Redmond, Washington, USA).13,14,17,26,28,33–35
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Results
Our final analysis showed a significant difference in time required to emulsify the cubes, as well as a significant chatter
events difference (Table 1).

Our results showed an inverse relationship between gauge size and time to emulsification. The average cube
emulsification time for the 19G tip was 2.8 seconds (s), 3.2 s for the 20G tip, and 4.6 s for the 21G tip (Figure 1).
Increasing the gauge from 21G to 20G decreased time to emulsification by 33% (P=0.02). Increasing the gauge from
21G to 19G further decreased time to emulsification by 42% (P=0.003). Although the emulsification time decreased
when increasing the tip gauge from 20G to 19G (13%), this was not found to be statistically significant (P=0.3).

There was a similar increasing trend in chatter events with decreasing tip gauge (Table 2). There was an average of
1.4 chatter events per cube when using the 21G tip, 0.35 when using the 20G tip, and 0.1 when using the 19G tip
(Figure 2). The differences in mean chatter events seen between each tip gauge were statistically significant (21G to 20G:
P=0.003, 21G to 19G: P=0.00008, 20G to 19G: P=0.04).

Discussion
In this efficiency analysis of all available phaco tips in the Oertli system, emulsification time decreased as tip diameter
increased; the 19G tip emulsified lens cubes significantly faster, on average, than the 20G and 21G tips. Likewise, there
were, on average, significantly fewer chatter events per lens cube when using the 19G tip than when using the 21G tip. In
our series of studies, machine settings that decreased chatter events consistently correlate with a decrease in the time
required to remove lens fragments.

Our findings support the conclusion that optimal efficiency is achieved with the 19G gauge tip and is congruent with
the mechanics of the CataRhex3.8,9 The Oertli system utilizes longitudinal ultrasound (US) to emulsify the lens, so as the
gauge of the tip increases, the surface area making contact with the lens nucleus increases. This allows for greater
transfer of energy to the lens. Additionally, the central channel through which lens material is aspirated increases

Table 1 Time to Complete Emulsification of 3 mm Lens Cube with
Each Oertli Phaco Tip Size

Trial No. Emulsification Times (s)

21G 20G 19G

1 7.8 3.7 1.9
2 5.4 2.2 1.8

3 2 17.5*a 3

4 7.5 1.1 3.3
5 6.9 6.9 4.8

6 2.4 2.7 1.8
7 5.4 2 5.3

8 5 1.9 1.3

9 6.9 2.3 1.5
10 8.5 4.8 1.5

11 3 4.1 2.8

12 5.5 1.8 3.1
13 2.7 3.2 1.4

14 4.8 2.2 10.75*a

15 3.2 3.7 3.3
16 1.8 1.8 4.5

17 10.4 4.1 3.9

18 2.4 3.6 2.4
19 4 4.1 3

20 1.4 5.5 3

Note: aOutliers are marked with*.
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proportionally with the tip gauge; thus, a larger-gauged tip is capable of aspirating higher volumes than tips with
a smaller diameter gauge. Given the low incidence of chatter events per cube with the 19G tip, it seems reasonable to
conclude that the 19G tip is the optimal one to decrease operative time and minimize phaco energy exposure while
preserving surrounding ocular structures and tissues.39

In our previous study on a phacoemulsification platform, we used a similar experimental design to evaluate the effects
of tip diameter on efficiency and chatter using torsional, transversal, and micropulsed US modalities. In the earlier study,
we found that the differences in efficiency and chatter for the three tip sizes were much smaller than those that we

Figure 1 Average time to complete emulsification of 3 mm lens cube for each Oertli phaco tip size.

Table 2 Total Number of Chatter Events per 3 mm Lens Cube
During Emulsification with Each Oertli Phaco Tip Size

Trial No. Chatter Events by Tip Size

21G 20G 19G

1 0 0 0

2 1 0 0
3 0 2*a 0

4 3 0 0

5 2 0 2
6 0 0 0

7 1 0 0

8 1 0 0
9 4 1 0

10 2 1 0

11 1 1 0
12 2 0 0

13 2 1 0

14 3 0 0
15 1 1 0

16 2 0 0

17 2 1 0
18 1 1 0

19 0 0 0

20 0 0 0

Note: aChatter event associated with an outlier is marked with*.
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observed in this study, and that the 0.9 mm tip (middle-size tested) was the most efficient.16 Our hypothesis for this
discrepancy is that the relatively larger (3.0 mm) lens cubes used in this study allowed for a more clinically similar
environment and likely contributed to the stepwise efficiency findings.

Decreasing the amount of time phaco is engaged during a surgery has been linked to decreased post-operative
inflammation.40 This is of particular importance to cataract surgeons working in resource-constrained settings where
dense opaque cataracts are more frequently encountered. Although very dense and brunescent cataracts may be better
served with MSICS surgery, these data suggest that in cases of at least moderate nuclear sclerosis, emulsification time
is likely to be halved by using the 20G tip as opposed to the narrower 21G, and with significantly less chatter.

Although the in vitro nature of this study constitutes a limitation, it would be exceedingly difficult to perform the
number of surgeries or control for all the variables needed to determine the optimum settings for efficiency and chatter.
The second limitation lies in our ability to adequately simulate uniform dense nuclear lenticular tissue. Our lens cube
apparatus allowed us to make every effort to produce uniform 3.0 mm cubes. Admittedly, some variation still could exist
among the cubes, but this variance was controlled by randomizing selection of cubes. The porcine model that we used
simulated lens density with an equivalent hardness of 3 to 4 nuclear sclerosis,38 making it a suitable model for the types
of cataracts a surgeon could encounter in medically underserved areas. Notwithstanding, we acknowledge that our
method of fixing lenses in formalin was an imperfect replication of the extreme opacity and hardness of advanced
cataracts. Nonetheless, we expect these trends in efficiency to hold in vivo.

Additionally, at high vacuum pressures (600 mmHg), the 21G CO_MICS tip punctured through the middle of the
3 mm cubes, which prohibited the runs from being included in the study. This is not entirely surprising given the
combination of high vacuum through a small diameter tip on a large piece leads to such a “lollypop” phenomenon in
clinical settings. Additional runs at a vacuum setting of 450 mmHg for the 21 G tip were included for evaluation.
Further studies on the fluidics of the CO_MICS tips are warranted, though outside the scope of this current analysis.

With this information, surgeons working with this system can improve outcomes for patients, even for those with
advanced nuclear cataracts. In addition, further research with various cube sizes could be performed, with the goal of
further understanding the relationship of cube size, gauge size, time to removal, and chatter events. Furthermore, our
optimized settings from our experiment may not be the ideal for a surgeon’s unique clinical scenario, and we recommend
adjusting settings as they deem necessary.

Conclusion
There are three tip sizes compatible with the Oertli CataRhex3: 21G, 20G, and 19G. Using the average time required for
complete emulsification of a 3 mm lens cube and the average number of chatter events per cube as surrogates for

Figure 2 Average number of chatter events per 3 mm lens cube during emulsification for each Oertli phaco tip size.
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efficiency, each of these tips was compared head-to-head in a controlled setting. There was no significant difference
between the average time required for a 19G tip or a 20G tip to emulsify a lens cube, but both tips averaged faster
emulsification times than the 21G tip. The 19G tip had fewer chatter events per cube on average than the 20G and 21G
tips. Given these findings, the utilization of the 19G tip is recommended when using the Oertli CataRhex3.

Abbreviations
phaco, phacoemulsification; Oertli, Oertli CataRhex3®; BSS, balanced salt solution; SD, standard deviation; s, seconds;
US, ultrasound.
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