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Purpose: To assess the surgical efficiency in cataract surgery comparing two phacoemulsification systems.
Methods: Prospective, consecutive-comparative study in a two-site private practice. Three hundred and one eyes undergoing standard 
or femtosecond laser-assisted (FLACS) cataract surgery with either the R-Evo Smart (BVI, Waltham, USA) and/or the Centurion 
Vision System (Alcon, Fort Worth, USA). Preoperative eye characteristics (degree of cataract using the lens opacities classification 
system LOCS III grading) and intraoperative outcomes (total ultrasound time and total estimated fluid aspirated/drainage bag 
weighting) were registered in all cases.
Results: One hundred and fifty-five eyes undergone cataract surgery with the R-Evo Smart and 146 eyes with the Centurion Vision 
System phacoemulsification systems. Mean cataract grade was 3.07 ± 0.78 and 2.96 ± 0.85 for the R-Evo Smart and Centurion Vision 
System groups, respectively (p = 0.12). Mean total ultrasound time was 18.99 ± 12.85 and 40.24 ± 21.91 seconds for the R-Evo Smart 
and Centurion Vision System groups, respectively (p < 0.01). Mean total estimated fluid aspirated/drainage bag weighting was 53.00 ± 
14.56 g and 54.33 ± 14.88 cc for the R-Evo Smart and Centurion Vision System groups, respectively (p = 0.21). Considering non- 
FLACS surgery (98 eyes with the R-Evo Smart and 63 eyes with the Centurion Vision System), mean cataract grade was 2.95 ± 0.74 
and 2.97 ± 0.91 for the R-Evo Smart and Centurion Vision System groups, respectively (p = 0.44). Mean total ultrasound time was 
19.96 ± 11.20 and 42.84 ± 28.35 seconds for the R-Evo Smart and Centurion Vision System groups, respectively (p < 0.01). Mean total 
estimated fluid aspirated/drainage bag weighting was 55.95 ± 14.76 g and 55.97 ± 13.62 cc for the R-Evo Smart and Centurion Vision 
System groups, respectively (p = 0.49). No adverse events were found in the two groups of eyes.
Conclusion: The objective measurement of surgical efficiency through total ultrasound time during lens removal and fluid 
consumption during both lens removal and irrigation/aspiration proved R-Evo Smart to be an efficient phacoemulsification platform, 
in comparison with the current standard of care Centurion Vision System.
Keywords: cataract, estimated fluid aspirated, phacoemulsification, surgical efficiency, ultrasound time

Introduction
It is well known that cataract is the main cause of reversible blindness in the world, and specifically, it has been reported 
that about 20 million Americans older than 40 years have cataract in either eye.1 The number of patients affected by this 
pathology and consequently to be submitted to cataract surgery has been drastically increasing over time. The current 
gold standard procedure for cataract surgery is phacoemulsification technique due to the small number complications and 
excellent visual acuity outcomes.2,3 There is a tendency to fewer surgical complication and better predicted refractions 
and visual outcomes.4 This technique uses a phacoemulsifier irrigator and aspirator, and most of them use peristaltic 
pump technology.

Phacoemulsification has improved during the last years in order to increase surgical efficacy and reduce complica
tions. One of these relatively new phacoemulsifier irrigator and aspirators is the Centurion Vision System (Alcon, Fort 
Worth, USA), which uses a small aspiration tubing and a cassette design with low compliance to minimize surge, and 
Active Fluidics to provide greater intraocular pressure (IOP) stability that minimizes IOP fluctuations happening during 
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occlusion and post-occlusion break events. This device has been proved to be an excellent phacoemulsification system in 
different clinical studies published in the literature showing improved surgical efficiency.5–9 Recently, the R-Evo Smart 
(BVI, Waltham, USA), a new phacoemulsification system for cataract surgery, has been developed, it incorporates two 
regulation systems with the aim of ensuring effectiveness and safety during surgery. The Agile Fluidics system mitigates 
the surge effect by adjusting the IOP based on the aspiration demand, and the Minimal Stress system makes sure that the 
elongation length of the phacoemulsification tip in each pulse is consistent with the programmed length, regardless of the 
hardness of the crystalline nucleus. It uses peristaltic and Venturi pumps, dual-infusion modality and dynamic IOP 
control.10

The main objective of the study is to compare the surgical efficiency in cataract surgery between two phacoemulsi
fication machines, the R-Evo Smart and the Centurion Vision System, analyzing the total ultrasound time used as well as 
the total fluid aspirated/drainage bag weighting in each procedure.

Methods
Patients and Surgical Procedure
In this study, we have prospectively examined 301 eyes at two centers, Oftalvist Clinic in Madrid and Alicante, 
Spain, between May 2023 and October 2023. This study was approved by the Oftalvist Review Board. All patients 
signed an informed consent before surgery according to the tenets of the Declaration of Helsinki. Patients with 
cataracts were included in the study. Exclusion criteria considered traumatic, white or Morgagnian cataracts, 
subluxated crystalline lens, nystagmus, previous vitrectomy, weak zonules or narrow pupils. A full pre-operative 
assessment was performed in all patients, and specifically cataract degree was classified according to lens opacities 
classification system (LOCS) III.11 Standard or femtosecond laser-assisted cataract surgery (FLACS) using the 
Catalys Precision Laser platform (Johnson & Johnson Vision, Santa Ana, USA) with 5-mm capsulotomy was 
performed through a 2.2-mm, temporally located, clear corneal incision. Two surgeons (MIB and POV) performed 
the surgeries.

Phacoemulsification Systems and Surgical Parameters
The specifications of the R-Evo Smart and the Centurion Vision Systems are indicated in Table 1. Both machines 
have been used under the manufacturer´s recommendations in terms of settings for fluidics and energy delivery, 
particularly for the latter Continuous U/S for Centurion Vision System and Pulsed-Burst U/S for R-Evo Smart. The 
program used with the R-Evo Smart system was sculpting with continuous ultrasound, chop and segment removal 

Table 1 Specification for the Two Phacoemulsification Systems

R-Evo Smart® (BVI) Centurion Vision® System (Alcon)

Phaco Handpiece Slim Four phaco handpiece with 21G Flared Bent Tip
● Incision size 2.2mm
● Longitudinal Tip Stroke from 5 to 100 μm:

Resonant Frequency: approx. 40 KHz 

Minimal Stress Technology for load compensation

Centurion OZil handpiece with Balanced Tip
● Incision size 2.2mm
● Longitudinal Tip Stroke @ 100%: 84 ± 18 μm

Resonant Frequency: 43.5±3.0 kHz
● Torsional Tip Stroke @ 100%: 69 ± 23μm

Resonant Frequency: 32.0±2.0 kHz

Peristaltic Aspiration 
System with IOP controlled 
infusion

● Easysys Fluidic cassette with Agile controlled  

infusion
● Vacuum @ Sea Level: 5–650 mmHg
● Aspiration Flow Rate: 2–65 cc/min
● IOP Controlled Infusion: Range: 20–135 mmHg
● Usable Fluid Volume: ≥400 cc (estimated)

● Active Fluidics
● Vacuum @ Sea Level: 0–650 mmHg
● Aspiration Flow Rate: 0–60 cc min
● IOP Controlled Infusion: Range 20–110 mmHg 

(27–150 cm H2O) Accuracy: ± 15 mmHg
● Usable Fluid Volume: ≥350 cc

I/A Handpiece Coaxial I/A handpiece, long barrel, 21G angled I/A tip Ultraflow II Coaxial I/A handpiece with angled Tip

Abbreviation: IOP, intraocular pressure.
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with Multi Burst, epinucleus with pulse mode HD Pulse ON, cortical removal, polish and viscoelastic removal. The 
program used with the Centurion Vision System was sculpting with torsional/longitudinal continuous, chop and 
segment removal with torsional continuous, epinucleus with torsional continuous, cortical removal, polish and 
viscoelastic removal. Details of the surgical settings of both surgical platforms in both centers are shown in 
Figure 1.

Measurements and Analysis
Measurement of ultrasound time was recorded from both systems. In relation to the total estimated fluid aspiration, it was 
recorded directly for the Centurion Vision System. For the R-Evo Smart system the drainage bag weighting was used. 
The weight (measured with a precision balance) of the bag plus the weight of the liquid used for priming was subtracted 
from the total weight. Figure 2 visualizes where the drainage bag has been cut after each case (A) and the act of weighing 
the drainage bag on the high precision digital scale (B). The R-Evo Smart drainage bag has a one-way valve that prevents 
aspirated fluid to drop off, therefore ensuring the consistency of the measurement.

Figure 1 Details of the surgical settings of both surgical platforms in the two clinical centers.
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Analysis of the outcomes was carried out using Excel (2019, version 16.43, Microsoft Corporation, Redmond, USA) 
with all measurements given as the mean ± standard deviation (SD) and ranges. A sub-analysis of the non-FLACS eyes 
was done.

Results
The study comprised 155 eyes that underwent cataract surgery using the R-Evo Smart and 146 eyes that underwent 
cataract surgery with the Centurion Vision System. Within each study group, a sub-group of patients underwent standard 
phacoemulsification procedure only and the second sub-group underwent to FLACS procedure followed by phacoemul
sification. No adverse events were found in the two groups of eyes during the procedures. Table 2 shows the surgical 
outcomes obtained. For the whole sample, our results revealed that there was no statistically significant difference 
between cataract degree between both groups of eyes (p > 0.12): mean cataract grade according to LOCS III classifica
tion was 3.07 ± 0.78 and 2.96 ± 0.85 for the R-Evo Smart and Centurion Vision System eye groups, respectively. In terms 
of surgical outcomes, our values revealed that the mean total ultrasound time was 18.99 ± 12.85 and 40.24 ± 21.91 
seconds for the R-Evo Smart and Centurion Vision System eye groups, respectively. The differences between both groups 

Figure 2 Picture where the drainage bag has been cut after each case (A) and the act of weighing the drainage bag on the high precision digital scale (B).

Table 2 Surgical Outcomes Obtained Using the Two Phacoemulsification Systems

R-Evo Smart Centurion®Vision 
System

P value

WHOLE SAMPLE

N (eyes) 155 146

Estimated Cataract Grade (LOCS III Grading Standard) 3.07±0.78 2.96±0.85 0.12

Total U/S Time (sec.) 18.99±12.85 40.24±21.91 <0.01

Total estimated fluid aspirated (cc) / Drainage bag weighing (g) 53.00±14.56 54.34±14.88 0.21

NON FLACS

N (eyes) 98 63

Estimated Cataract Grade (LOCS III Grading Standard) 2.95±0.74 2.97±0.91 0.44

Total U/S Time (sec.) 19.96±11.20 42.84±28.35 <0.01

Total estimated fluid aspirated (cc) / Drainage bag weighing (g) 55.95±14.76 55.97±13.63 0.49

Abbreviations: LOCS, lens opacities classification system; U/S, ultrasound; FLACS, femtosecond laser-assisted cataract surgery.
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of eyes were statistically significant: p <0.01. The mean total estimated fluid aspirated/drainage bag weighting was 53.00 
± 14.56 g and 54.33 ± 14.88 cc for the R-Evo Smart and Centurion Vision System eye groups, respectively. In this 
parameter, we did not find statistically significant differences: p = 0.21. Regarding the possible correlation between 
cataract grade, ultrasound time and amount of aspirated fluid, Figure 3 shows that the higher the cataract grade, the 

Figure 3 Total US/time and Total estimated fluid aspirated versus cataract degree (LOCS III scale) for the Centurion Vision System (top) and Time and Drainage bag 
weighing versus cataract degree (LOCS III scale) for the R-Evo Smart (bottom). Both graphs show the linear regression adjustments for the different parameters measured 
(equation and R2 values are also shown).
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higher the US time for both phacoemulsification systems (Centurion R2=0.08, R-EVO R2=0.2). Fluid consumption tends 
to increase slightly with both devices with harder cataracts (Centurion R2=0.01, R-EVO R2=0.01).

For the non-FLACS eyes (98 versus 63 eyes for the R-Evo Smart and Centurion Vision System eye groups, 
respectively), our results showed no statistically significant differences between the degree of cataract: 2.95 ± 0.74 for 
the R-Evo Smart and 2.97 ± 0.91 for the Centurion Vision System (p = 0.44). The total ultrasound time was 
statistically significant between systems: 19.96 ± 11.20 and 42.84 ± 28.35 seconds for the R-Evo Smart and 
Centurion Vision System eye groups, respectively (p < 0.01). The mean total estimated fluid aspirated/drainage bag 
weighting was 55.95 ± 14.56 g and 55.97 ± 13.63 cc for the R-Evo Smart and Centurion Vision System eye groups, 
respectively (p = 0.49).

Discussion
The basic principle of any cataract removal procedure is to achieve maximum efficacy without compromising safety. 
High vacuum, a longer effective phacoemulsification time, and higher cataract density have been shown to be indepen
dent predictors of endothelial cell loss.12–14 Developments in this area aim to reduce ultrasound energy, reducing the 
quantity of fluid aspirated and lowering effective phacoemulsification time while aiming at increasing the stability of the 
anterior chamber. In this study, we focused on the ultrasound time and effective fluid use to compare the efficacy of two 
different phacoemulsification systems.

The study comprised 155 eyes that underwent cataract surgery using the R-Evo Smart and 146 eyes that underwent 
cataract surgery with the Centurion Vision System with comparable nucleus hardness in both groups. The whole sample 
was divided into two subgroups for analysis depending on the use of FLACS (FLACS vs non-FLACS). The mean total 
ultrasound time (18.99 ± 12.85 seconds versus 40.24 ± 21.91 seconds) was lower for R-Evo Smart, while no differences 
in the mean total estimated fluid aspirated (53.00 ± 14.56 g versus 54.33 ± 14.88 cc, R-Evo Smart vs Centurion Vision 
System), were found. Subgroup analysis (FLACS vs non-FLACS) showed similar results between both groups, 
a statistically significant lower effective phacoemulsification time and similar fluid consumption with R-Evo Smart.

The latest phacoemulsification systems incorporate several improvements in their designs that aim to reduce effective 
phacoemulsification time, chatter (the phenomenon of lens material bouncing of the phaco tip),6 and subsequent 
cumulative dissipated energy (torsional amplitude × torsional time × a coefficient of 0.46) delivered into the eye. 
Centurion Vision System was released in 2013 including a newly designed phacoemulsification tip designed for torsional 
ultrasound (Ozil) with a 50% enhancement in sideways tip displacement (data on file, Alcon Laboratories, 2015) that 
minimizes stromal changes by reducing the amount of energy delivered to the incision site while reducing chatter.15,16 

R-Evo Smart incorporates a new design called “Minimal Stress™ ultrasound delivery Technology” that maintains the 
consistency between the programmed length of the phaco tip stroke and the actual tip elongation independently from the 
nucleus hardness, reducing the amount of wasted energy compared to traditional ultrasound systems.10 According to the 
study published by Cimino et al,17 the most important factors that result in tissue fragmentation are stroke amplitude, 
suction and acceleration of the tip, while Chen et al6 showed that higher frequency produces better tissue fragmentation 
with a lower effective phacoemulsification time and lower delivery of cavitation bubbles. R-Evo Smart maintains the 
consistency of the stroke length and reduces surge through synergic work of a small-bore rigid aspiration tubing 
(1.3 mm) combined with a narrower design of a flared tip. According to the results of the current study, the innovative 
ultrasound delivery technology (Minimal Stress) in association with advanced design of energy emission forms (Multi 
Burst, HD Pulse) and in conjunction with the safety supported by Agile fluidics may help reduce the total ultrasound time 
compared to the current standard of practice.

The mean total fluid aspirated or effective fluid use (as described by other authors18), plays an important role in 
endothelial safety during cataract surgery, since a higher fluid consumption increases the loss of endothelial cells.19 

According to our results, both phacoemulsification systems have comparable fluid consumption. Centurion uses an active 
fluid dynamic management system that applies pressure directly to the irrigation bag, constantly adjusting fluctuations 
that result in a more stable anterior chamber, minimizing abrupt swings in aspiration flow rate, pressure, and rate of 
vacuum (data on file, Alcon Laboratories, 2015).6 R-Evo Smart incorporates a system that regulates intraocular pressure 
to avoid fluctuations called “Agile Fluidics™ that consists of a set of controlled irrigation that enables a dynamic 
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intraocular pressure management, as well as a compatible rigid irrigation solution container, plus the “Easysys Fluidic 
System”. It works through a proprietary algorithm that reacts to the vacuum measured by the system sensor with more 
pressure feeding into the irrigation bottle. The compensation is linear and instantaneous both with increasing and 
decreasing vacuum levels. The system increases up to only 20 mmHg, for vacuums up to 400 mmHg.

We need to consider some limitations of our study. The main variable used for comparison between R-Evo Smart and 
Centurion was the total ultrasound time (or effective phacoemulsification time), widely used in numerous studies for 
comparison of outcomes between phacoemulsification devices.20–22 The cumulative dissipated energy is another para
meter used for comparative studies, but exclusively among different Alcon´s devices, since it is a proprietary measure
ment of that company. Second, the measurement of the total fluid aspirated is given automatically by Centurion, but not 
by R-Evo Smart that required a precision balance and a mathematical calculation to subtract the bag’s weight from the 
total weight after each surgery. And finally, it would also be of interest to consider the frequency of the ultrasound that 
each system uses for comparison, since a higher frequency phacoemulsification was associated with a lower effective 
phacoemulsification time and effective fluid use as well as better endothelial preservation according to Dewan et al.18 

Future studies considering these points and quantitative assessment of corneal endothelium would be desirable to confirm 
the outcomes reported.

Conclusions
In summary, the current clinical study demonstrates that both phacoemulsification systems are safe and efficient for 
different degrees of cataracts with no surgical complications. Patients with cataracts may benefit from the use of these 
two systems when submitted to cataract surgery. Specifically, our study indicates that the R-Evo Smart is an efficient 
phacoemulsification platform when measuring surgical efficiency through total ultrasound time and fluid consumption, in 
comparison with the current standard of care Centurion Vision System.
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