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Purpose: The aim of this study was to determine optimal bottle height, vacuum, aspiration 

rate, and power settings of the Oertli CataRhex 3® phacoemulsification machine.

Methods: Porcine lens nuclei were hardened with formalin and cut into 2.0 mm cubes. Lens 

cubes were emulsified using the easyTip® 2.2 mm at 30°. Fragment removal time (efficiency) 

and fragment bounces off the tip (chatter) were measured. Settings tested included bottle height 

of 60, 80, 100 and 120 cm; aspiration rate of 40, 45, and 50 mL/min; vacuum of 400, 500, and 

600 mmHg; and power of 50, 60, 70, 80, 90, and 100%.

Results: Efficiency and chatter increased in a linear fashion with increasing vacuum to 600 mmHg 

(P=0.017, P=0.046, respectively). The most efficient aspiration rate was 50 mL/min, although 

this finding lacked statistical significance (P=0.66). Increasing power increased efficiency up to 

80% without increasing chatter (P=0.042, P=0.71, respectively). Compared to all other power 

settings, chatter was increased at 100% (P=0.014).

Conclusion: The most efficient machine settings were vacuum at 600 mmHg, aspiration rate 

at 50 mL/min, and power at 80%.

Keywords: cataract, blindness, underserved countries, vacuum, aspiration rate, power

Plain language summary
Blindness is a condition that affects millions of people worldwide. In countries with little or no 

access to eye doctors, cataracts or clouding of the natural lens within the eye is a major cause 

of blindness and limited vision. Some eye doctors travel to these areas to provide eye care, but 

it can be difficult to bring the necessary equipment to perform modern cataract surgery, also 

called phacoemulsification (phaco). Many eye doctors are unfamiliar with a portable machine 

called the Oertli CataRhex 3®, which can be used for phaco. There are several settings that can 

be adjusted on the machine to change its performance and limit the amount of ultrasound energy 

needed to break up and extract a cataract. We sought to simulate cataract surgery using pig 

lenses that were processed to be similar to human cataracts. We sliced these lenses into tiny 

cubes and ran serial sets of experiments with one cube at a time. Our goal was to determine 

which settings would be the fastest to chop up and remove the cubes. Only one setting was 

modified at a time. We identified optimal parameters for each setting, which may be helpful 

for eye doctors who are either unfamiliar with this machine or looking for objective evidence 

to guide the settings they use.

Introduction
According to meta-analyses on global blindness, cataracts are the most common cause 

of blindness worldwide. Recent estimates suggest that there are 36 million people who 

are blind and 253 million people with moderate to severe vision impairment.1,2 Among 

these groups, unoperated cataracts account for 35% and 25% of vision impairment, 
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respectively.3 Although phacoemulsification (phaco) is the 

primary method of cataract removal in high-income countries, 

manual small-incision cataract surgery occupies a prominent 

role in ophthalmologically underserved countries.4,5 

For ophthalmic surgeons travelling internationally or 

domestically to remote and/or underserved areas, one 

barrier to providing cataract surgery via phaco is the lack 

of portable and reliable equipment. The Oertli CataRhex 3® 

(Oertli) phaco machine provides an effective solution to this 

obstacle. Weighing as little as 11 pounds and measuring 

8.7×9.5×7.2 inches, this compact machine can be attached 

to an IV pole and is compatible with voltages ranging from 

100 to 240 V.6 In addition to its portability and suitability 

for the international or remote domestic setting, the Oertli 

provides cutting-edge technology in the form of easyPhaco® 

fluidics and axial ultrasound energy delivery. To our 

knowledge, no study to date has evaluated the performance 

and optimal settings for the Oertli.

In this investigation, using a porcine lens model 

developed in our laboratory,7 we sought to determine the 

optimal bottle height, vacuum, aspiration rate, and power 

percentage settings in order to achieve the most efficient 

phaco.

Methods
Porcine lens preparation
Lenses were prepared in a manner previously described.7,8 

In short, whole pig eyes were purchased from Visiontech, 

Inc. (Sunnyvale, TX, USA), and lenses were dissected out 

within 48 hours of arrival at the John A Moran Eye Center, 

Salt Lake City, UT, USA. Immediately after dissection, 

the lens nuclei were placed individually in 10 mL of 10% 

neutral buffered formalin and incubated at room temperature 

for 2 hours. The lens nuclei were then rinsed three times in 

balanced salt solution (BSS) and allowed to equilibrate for 

24 hours in BSS. Subsequently, these nuclei were cut into 

2.0 mm cubes by a manual lens-cutting apparatus. Cubes 

were stored in BSS within a moisture chamber until studies 

were conducted, approximately 24 hours after cubing. The 

lenses prepared with this protocol are comparable to hard 

(3 to 4+) human cataract lenses in terms of density and 

behavior during phaco.8

Phaco
Phaco of lens cubes was performed with the easyTip® 2.2 mm 

at 30° and the Oertli phaco handpiece. Continuous power 

delivery of longitudinal ultrasound in the panel mode was 

utilized to ensure consistent delivery of ultrasonic energy. 

Vacuum was used in the peristaltic mode. Bottle height was 

measured from the level of the handpiece to the middle of 

the drip chamber below the saline infusion bag.

Efficiency was measured and recorded as described 

previously.8–10 One randomly chosen lens cube was placed 

inside a chamber filled with BSS. Using aspiration and 

vacuum alone, the pedal was depressed until the lens 

fragment occluded the phaco tip. The pedal was then fully 

depressed to initiate ultrasound. One of the authors (JH) used 

a handheld stopwatch to record the time from ultrasound 

initiation until fragment removal and paused the stopwatch 

if the particle bounced from the tip. When this occurred, the 

pedal was again depressed to vacuum until the particle once 

again occluded the tip, and the pedal was fully depressed 

and the stopwatch restarted. This allowed the chatter delay 

to be distinct from the total particle removal time. Efficiency 

was measured in terms of the amount of time in seconds that 

ultrasound was used to remove the lens particle. A chatter 

event was recorded each time the lens fragment bounced off 

the tip during the emulsification process.

Four sets of experiments were conducted to optimize 

bottle height, vacuum, aspiration rate, and power settings. 

For the first set, power was set at 70%, aspiration rate at 

50 mL/min, and vacuum at 600 mmHg. Twenty lens cubes 

were tested at each of the following bottle heights: 60, 

80, 100, and 120 cm. The data were analyzed as outlined 

subsequently. Initially, we planned to determine the most 

efficient bottle height; however, bottle height proved to have 

minimal influence on efficiency and chatter. Given that no 

optimal bottle height was definitively identified, 100 cm 

was chosen as the bottle height for subsequent experiments 

in accordance with the principles of chamber stability and 

manufacturer recommendations (easyPhaco® technology; 

Oertli Instrumente AG, Berneck, Switzerland).

The next data set used a phaco power of 70% and aspi-

ration rate of 50 mL/min for each set of 20 lens cubes with 

vacuum levels of 400, 500, and 600 mmHg. This allowed us 

to determine the optimal vacuum level for these parameters. 

For the third data set, power was set at 70%, and the optimal 

vacuum level from the second set was used. Twenty lens 

cubes were tested at each of the following aspiration rates: 

40, 45, and 50 mL/min. The final set of experiments used 

the previously determined optimal settings for vacuum, and 

aspiration rate; 20 lens cubes were tested at each power level 

of 50, 60, 70, 80, 90, and 100%.

statistical analysis
Efficiency times and chatter events were averaged, and 

SDs were calculated. Data points that were more than two 
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SDs from the mean were considered outliers and removed 

in the final analysis. This decision was based on previous 

work,8 which showed that some lens cubes may experience 

microchatter or bounce around the tip for several seconds 

before a proper vacuum seal is established to allow prompt 

emulsification. New mean values and SDs were thus 

recalculated to reduce noise in the data. For vacuum and 

power, the data sets for 400 and 500 mmHg, 50 and 60%, 

and 70 and 80% were also combined into groups, and new 

mean values and SDs were calculated. Finally, efficiency 

times and chatter events for each discrete variable tested 

were compared using one-way ANOVA. When a significant 

P-value was found, Student’s t-tests were performed to 

identify distinct relationships between the variables tested. 

A P-value of ,0.05 was considered significant. Statistical 

analyses were performed using Microsoft Excel (Microsoft 

Corporation, Redmond, WA, USA).

Results
There was no consistent trend for increasing or decreas-

ing efficiency with differing bottle heights of 60, 80, 100, 

and 120 cm (mean 2.28±1.06 seconds, 2.68±1.04 seconds, 

2.32±0.75 seconds, and 2.47±0.79 seconds, respec tively; 

P=0.65) (Figure 1). Results for chatter were similar, with 

mean events ranging from 0.44 to 1.05 (P=0.06) (Figure 2).

Efficiency increased with increasing vacuum, with 

significant gains when the vacuum was increased from 400 

or 500 mmHg to 600 mmHg (mean 3.04±0.58 seconds, 

2.82±0.75 seconds, and 2.32±1.05 seconds; P=0.023 

and 0.05, respectively) (Figure 3). When the data points 

from 400 and 500 mmHg were combined and compared 

to 600 mmHg, the gain in efficiency was even stronger 

(P=0.017). Chatter also increased in a linear fashion with 

increasing vacuum (Figure 4). This finding was supported 

when data sets for 400 and 500 mmHg were combined 

and compared with 600 mmHg (mean 0.67±0.61 events, 

1.05±0.61 events, respectively; P=0.046). Thus, 600 mmHg 

of vacuum was chosen as the optimal setting for subsequent 

experiments, despite increased chatter, which was still 

minimal at 600 mmHg.

Aspiration rate had a minimal influence on efficiency. 

A rate of 50 mL/min (2.32±0.75 seconds) was slightly more 

efficient than 40 or 45 mL/min (mean 2.51±0.94 seconds, 

2.52±0.61 seconds, respectively), but this finding did not 

achieve statistical significance (P=0.66) (Figure 5). Chatter 

increased linearly from 40 to 50 mL/min (mean 0.58±0.51 

events, 1.05±0.78 events, respectively) (Figure 6). However, 

no significant difference in chatter was found between the 

various aspiration rates (P=0.10). Due to the small, though 

not significant, gain in efficiency at 50 mL/min, this was 

chosen as the optimal aspiration rate.

Finally, increasing power led to increased effi-

ciency, with a maximum efficiency at 80% power (mean 

2.41±1.09 seconds). However, statistical significance was 

Figure 1 Effect of bottle height on efficiency at 60, 80, 100 and 120 cm.
Note: aspiration rate of 50 ml/min, vacuum at 600 mmhg, and power at 70%.

Figure 2 effect of bottle height on chatter at 60, 80, 100, and 120 cm.
Note: aspiration rate of 50 ml/min, vacuum at 600 mmhg, and power at 70%.

Figure 3 Effect of vacuum on efficiency at 400, 500, and 600 mmHg.
Notes: aspiration rate of 50 ml/min, power at 70%, and bottle height at 100 cm. 
*Significant difference, P,0.05.
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not achieved when directly comparing individual power 

settings (P=0.34) (Figure 7). When data points from 80 and 

90% power were compared against combined data from 50 

and 60% power, a significant difference in efficiency was 

found (mean 2.43±0.87 seconds, 2.89±0.96, respectively; 

P=0.042). There was no difference in chatter when com-

paring these two groups (P=0.63). Compared to all other 

power settings, chatter was increased at 100% (P=0.014). 

Chatter was lowest at 90% power (0.50±0.52 events), with a 

significant increase noted at 100% power (1.26±0.93 events; 

P=0.006) (Figure 8). There was no difference in chatter when 

comparing 80%–90% power (P=0.71).

Discussion
Modern phaco is a safe and efficient procedure, providing 

patients with excellent results. Phaco efficiency correlates 

with safety due to decreased exposure of ocular structures 

to ultrasound energy and decreased phaco times. The 

modern phaco system’s size and reliance on large volumes 

of consumables make it impractical to transport and use 

in outreach and/or remote settings. The Oertli provides an 

effective solution to this limitation because of its portability 

and reliability. Many surgeons traveling internationally, 

some of whom may not be familiar with this machine and 

its settings, could benefit from objective data and supporting 

recommendations regarding its use.

The model we used to simulate cataract phaco in this study 

most closely resembles the second stage of cataract removal, 

when individual lens pieces are emulsified. In previous work, 

we showed that the hardness of the prepared porcine lenses 

is similar to an advanced brunescent cataract graded at 3–4+, 

making it a suitable model for the types of cataracts a surgeon 

is likely to encounter in many countries in the developing 

world. One variable we did not assess in this study is the 

tip diameter. The company-supplied tip used in this study, 

measuring 1.15 mm, is slightly larger in diameter than those 

used in other optimization studies9–11 and is suitable for 

incisions between the sizes of 2.2–2.4 mm. In one study, 

Farukhi et al12 found a 0.9 mm tip to be more efficient and 

Figure 4 effect of vacuum on chatter at 400, 500, and 600 mmhg.
Notes: aspiration rate of 50 ml/min, power at 70%, and bottle height at 100 cm. 
*Significant difference, P,0.05.

Figure 5 Effect of aspiration rate on efficiency at 40, 45, and 50 mL/min.
Note: Power at 70%, vacuum at 600 mmhg, and bottle height at 100 cm.

Figure 6 effect of aspiration rate on chatter at 40, 45, and 50 ml/min.
Note: Power at 70%, vacuum at 600 mmhg, and bottle height at 100 cm.

Figure 7 Effect of power on efficiency at 50, 60, 70, 80, 90, and 100%.
Note: aspiration rate at 50 ml/min, vacuum at 600 mmhg, and bottle height at 
100 cm.
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produce less chatter than either a 0.7 mm or a 1.1 mm tip when 

used on the same phaco system. However, direct comparisons 

from previous work are unlikely to yield relevant results, due 

to the introduction of several confounding variables. Future 

studies providing direct comparisons of the Oertli to other 

phaco platforms would further elucidate efficiency.

We found that infusion pressure, which varied with 

different bottle heights, did not show a significant difference in 

efficiency or chatter despite infusion pressure that affects these 

parameters on other phaco systems. It is possible that there 

could be something unique to either the design of the easyTip 

2.2 mm or the machine itself which allowed for consistent 

performance at various bottle heights. Given that there was no 

difference in efficiency and chatter, it appears prudent to use the 

manufacturer’s recommended bottle height of 100 cm (Oertli 

easyPhaco®technology: Fluidics is your best friend in cataract 

removal. Berneck, Switzerland: Oertli Instrumente AG; 2009).

Peristaltic pump systems, such as the one used in the 

Oertli, create aspiration flow by compressing the outflow 

tubing using a series of rollers. This force draws fluid out 

to generate vacuum9 and has two modifiable parameters: 

aspiration rate and vacuum. We observed that increasing the 

vacuum to the maximum allowable setting of 600 mmHg 

significantly increased efficiency through the entire vacuum 

range; however, the improved efficiency at higher vacuum 

levels was minimal when compared to lower levels. Given 

the relatively small improvement in our measured parameters 

at high vacuum, we recommend considering lower levels 

of vacuum in clinical settings where aggressive vacuum 

settings may increase the likelihood of complications such 

as posterior capsule tear.

Somewhat surprisingly, increasing the aspiration rate 

did not statistically improve efficiency in this series. This 

is in contrast to our previous work9,10,13–15 and clearly is a 

feature of the fluidics system which is likely an inherent 

safety feature.16 Complications with phaco on the mature and 

dense lenses frequently encountered in outreach settings are 

common.17,18 By allowing for nearly equivalent efficiency at 

lower flow levels, this system likely decreases the amplitude 

of post-occlusion surge events and decreases the likelihood 

that the posterior capsule is contacted by the vibrating tip and 

broken. Precisely how the system achieves this is something 

we will explore in future testing.

Surprisingly, increasing vacuum and aspiration 

significantly increased the number of chatter events. These 

findings also contradict previous studies that used other 

phaco systems, where chatter consistently decreased with 

increasing aspiration rates and vacuum levels.9,10 Greater 

vacuum and flow should hold lens fragments more tightly 

to the phaco tip, allowing for more efficient emulsification. 

However, given the differences in mean chatter events 

were minimal, this observation is unlikely to be clinically 

important and probably is also related to the unique fluidics 

system used.

Consistent with previous studies,14,15,19 we observed 

an increase in efficiency with increasing power, with a 

maximum efficiency noted at 80% power. This finding of 

maximal efficiency at non-maximum power is not uncommon 

as chatter events increase with a resultant drop in efficiency.7 

It is desirable to utilize the minimum amount of ultrasound 

energy needed to remove lens material, as excessive power 

results in increased intraoperative ultrasound delivery to 

the eye and potentially poorer post-operative outcomes 

secondary to posterior capsule rupture and/or corneal 

endothelial damage.20 In this study, the power range with 

increasing efficiency is quite broad, potentially allowing 

dense mature cataracts encountered in outreach settings to be 

removed at lower ultrasound settings.4,17,18 In regard to chatter 

there was variation in the number of chatter events across the 

levels tested, but only at 100% power was chatter consistently 

and significantly elevated. This finding could be expected 

with a phaco system that utilizes longitudinal movement 

alone; once stroke length reaches a certain threshold, the tip 

may be more likely to push the lens fragment away rather 

than emulsify the fragment as the tip contacts it.

Limitations of this study include the use of a single size 

of lens cube with a consistently high relative density when 

compared to cataracts common to wealthy countries. Given 

this particular machine’s portability and ease of use in 

outreach settings, assessing its performance on dense lenses 

is useful to inform machine settings. Another limitation 

is the in vitro nature of this study. However, it would not 

Figure 8 effect of power on chatter at 50, 60, 70, 80, 90, and 100%.
Notes: aspiration rate at 50 ml/min, vacuum at 600 mmhg, and bottle height at 
100 cm. *Significant difference, P,0.05.
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be feasible in a clinical setting to perform the number of 

surgeries or control for all the variables to determine the 

optimum settings for efficiency and chatter. Additionally, we 

recognize our use of some statistically non-significant values 

taken as optimal settings for subsequent experiment sets in 

this study. Increasing the sample size might decrease the SDs 

and illuminate other differences between the settings tested; 

however, additional testing is unlikely to make a substantial 

difference in our final results or recommendations.

Conclusion
We found that the optimal settings for the Oertli machine with 

easyTip 2.2 mm at 30°, with a bottle height of 100 cm, are as 

follows: vacuum 600 mmHg, aspiration rate 50 mL/min, and 

power 80%. We found that the machine is very consistent in 

efficiency through a wide range of aspiration and vacuum 

rates, which may be an important safety advantage. To our 

knowledge, this is the first study to determine the optimal 

settings for phaco using this platform. As we continue to 

increase our knowledge about lens removal by phaco, we 

will improve our ability to assess optimal settings based on 

machine type, lens hardness, and particle size.

Ethics approval and informed 
consent
Since no human subjects were involved, approval from 

the University of Utah Institutional Review Board was not 

obtained.
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