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Purpose: To demonstrate intraocular pressure (IOP) control using the UNITY® Vitreoretinal Cataract System (UVCS) during cataract 
surgery based on bench testing and initial clinical experience.
Patients and Methods: Bench testing using an eye model and calibrated pressure sensor measured IOP control error by evaluating 
the pressure difference between the IOP setpoint and the measured IOP under continuous irrigation for approximately 10 seconds 
followed by aspiration for approximately 15 seconds. To examine the system at its limits, 30 phacoemulsification (phaco) handpieces 
were tested at 20 mmHg IOP and 60 cc/min aspiration flow rate, and 15 irrigation/aspiration (I/A) handpieces were tested at 20 mmHg 
IOP and 30 cc/min aspiration flow rate. In addition, a prospective, single-arm clinical study evaluated the safety and performance of 
UVCS in adults presenting for routine cataract surgery (clinicaltrials.gov, NCT06071104, Registered October 2, 2023).
Results: The expected IOP variation at an IOP setpoint of 20 mmHg was 2.36 ± 2.13 at an aspiration flow rate of 60 cc/min during 
phaco and 4.19 ± 1.97 mmHg at an aspiration flow rate of 30 cc/min during I/A. These results compare favorably to physiologic IOP 
diurnal variation in normal patients (5.0 ± 2.7 mmHg) and demonstrate that IOP would be expected to be maintained approximately 
within 18 to 22 mmHg when the IOP is set to 20 mmHg during the phacoemulsification step. This is supported by results from the 
clinical study where 68 subjects underwent cataract surgery using UVCS, with exceptional anterior chamber stability observed during 
all cases.
Conclusion: UNITY VCS/CS demonstrates excellent IOP control in bench testing and was reported to provide exceptional AC 
stability clinically. Maintaining IOP at the desired surgeon setpoint with minimal fluctuation throughout surgery may reduce 
intraoperative and postoperative complications, especially in more complex cases.
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Introduction
While cataract surgery has a high safety profile and success rate, significant fluctuations in IOP may be induced during 
key phases of the procedure, including phacoemulsification (phaco) and irrigation/aspiration (I/A).1,2 Intraocular pressure 
(IOP) plays an important role in anterior chamber (AC) stability, which is critical for ensuring safety throughout the 
procedure and achieving optimal postoperative outcomes.3 Maintaining AC stability is influenced by 
a phacoemulsification system’s fluidics, which can rapidly shift during surgery.4 Older gravity-based fluidic systems 
lack mechanisms for fluid loss compensation, and as such, are not able to actively maintain IOP at set values. Active- 
fluidics systems allow for improved detection and maintenance of IOP when aspiration flow is activated, which is 
essential for AC stability especially during occlusion break surge events.5,6 Reducing IOP variation during cataract 
surgery may provide several advantages and have been associated with reduced corneal damage and anterior chamber 
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inflammation during the early postoperative period.1 To achieve successful surgical performance, modern phacoemulsi
fication systems have been focused on innovations to provide excellent intraoperative IOP control accuracy at different 
steps of cataract surgery.

Earlier phaco systems, such as the CENTURION® Vision System (Alcon Vision LLC), employed peristaltic 
aspiration for fluid control and an active-fluidics mechanism to modulate infusion fluid source pressure to maintain 
desired surgical IOP. The UNITY® Vitreoretinal Cataract System/ Cataract System (UVCS/UCS; Alcon Vision LLC) 
was introduced in 2025 and features a dual peristaltic system that includes an infusion pump in addition to an aspiration 
pump to control pressure and flow both into and out of the eye. This system allows for real-time sensing, independent and 
precise control of irrigation and aspiration, enhanced dynamic leakage compensation, and pressure stability at the 
desired IOP.

To evaluate the effectiveness of the UVCS in maintaining intraoperative IOP, an experimental bench study was 
performed under controlled conditions using a mechanical model of the human eye.7 In addition, a prospective clinical 
study was conducted to assess the performance of UVCS in a clinical setting. This study aims to evaluate the IOP control 
using UVCS during cataract surgery based on bench testing and initial clinical experience.

Materials and Methods
Study Design and Ethics
The bench study did not involve human or animal subjects and therefore did not require ethical approval. The clinical 
investigation was conducted in compliance with Good Clinical Practice and with international and national regulations, 
laws, and guidelines such as ISO 14155:2020 where applicable; and in accordance with the ethical medical research 
principles outlined in the Declaration of Helsinki. The protocol and all amendments, the informed consent form, any 
other written information given to subjects, and any advertisements planned for subject recruitment were approved by an 
IRB/IEC before initiation of study-related procedures. Informed consent was obtained from all subjects and documented 
prior to the initiation of any study-specific procedures. The study was approved by Sterling Institutional Review Board 
(IRB), an Independent Review Board registered with the Office of Human Research Protections (OHRP) and US Food 
and Drug Administration (FDA) (IRB registration number: IRB00001790; parent organization number: IORG0001354). 
The protocol was approved under IRB ID: 11378-JPBerdahl. This study was registered on ClinicalTrials.gov 
(NCT06071104, Registered October 2, 2023).

Bench Testing
A mechanical spring eye model that represents average human eye compliance, as described in Dyk et al,7 a calibrated 
IOP sensor (CPC6000, Mensor LP), and an oscilloscope (WaveRunner 606Zi, LeCroy) were utilized to measure and 
determine IOP variation at different surgical steps using the UVCS with the experimental setup shown in Figure 1. IOP 
readings were measured with an oscilloscope under continuous irrigation for approximately 10 seconds followed by 
aspiration for approximately 15 seconds. IOP variation was determined as: IOP variation = [Average IOP with Flow (at 
steady state)] – [IOP Setpoint]. 30 phaco handpieces (UNITY Phaco Handpiece with 0.9 mm Balanced Tip; Alcon Vision 
LLC) were tested at an IOP setpoint of 20 mmHg and aspiration flow rate of 60 cc/min, and 15 I/A handpieces (Alcon 
Vision LLC) were tested at an IOP of 20 mmHg and aspiration flow rate of 30 cc/min as outlined in Table 1. The lowest, 
most physiological IOP and the highest aspiration flow rates were selected to test the system at its limits. In addition, the 
differences in accessory resistance made it necessary to select different flow rates based on the access to reach the 
flowrate within the test timespan. This study was designed to evaluate IOP variation during flow at steady state. The 
bench portion of this study was designed to characterize general IOP control performance as a singular performance 
metric by evaluating IOP consistency across varying user-initiated flow demands and targets.

Data were analyzed using descriptive statistics only. No hypothesis testing was performed. Values measured are 
presented as means ± standard deviations. All analyses were conducted using the Microsoft 360 Excel® software Version 
2408 (Microsoft Corp).
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Clinical Study
The results of the bench study were corroborated with a prospective, interventional, open-label, single-arm, nonrando
mized and multicenter clinical study conducted in the United States. This study represents the first clinical use of UVCS 
in cataract patients. Adults (>18 years of age) with a clinically documented diagnosis of age-related noncomplicated 
cataracts and eligible to undergo primary hydrophobic acrylic intraocular lens implantation into the capsular bag were 
included in this trial. Subjects underwent cataract removal with UVCS and followed prospectively for approximately 1 
month to evaluate the safety and performance of the device. This study was designed to mirror the real world setting by 
allowing the site’s standard of care for surgery. After the last subject surgery, surgeons were asked if they “Strongly 
Disagree (1)”, “Disagree (2)”, “Neither Agree or Disagree (3)”, “Agree (4)”, or “Strongly Agree (5)” to the following 
statement: “Compared to your current system, UNITY VCS Fluidics provides more anterior chamber stability”. All 
surgeons’ current system was identified as the CENTURION Vision System with ACTIVE SENTRY® (CAS; Alcon 
Vision LLC). The present study discusses the results from one site, involving three surgeons. All surgeons at this site 
used the same phaco handpiece, tip, and sleeve for all surgeries (ACTIVE SENTRY Handpiece with 0.9 mm 45-degree 
Balanced Tip and Ultra Sleeve; Alcon Vision LLC). All surgeons reported the same settings for both UVCS and their 
current device, CAS. Vacuum limit and flow rate was set at 525 mmHg and 40 cc/min for all surgeons, respectively, and 
IOP setpoint was 40 mmHg for two surgeons and 50 mmHg for one surgeon.

Figure 1 Experimental Bench Testing Setup. 
Abbreviations: IOP, intraocular pressure; V, volts.

Table 1 Bench Testing: Intraoperative Parameters for IOP Maintenance Accuracy 
Testing at Flow vs Setpoint

Surgical Step n IOP Setpoint (mmHg) Aspiration Rate (cc/min)

Phacoemulsification 30 20 60

Irrigation/ Aspiration 15 20 30

Abbreviations: IOP, intraocular pressure; n, number of handpieces; mmHg, millimeters of mercury; cc/ 
min, cubic centimeters per minute.
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Results
Bench Testing
As shown in Table 1, the IOP setpoint is at its lowest and aspiration flow rate is at its highest such that the IOP variations 
values presented in Table 2 are a worst-case scenario for the system. In other words, these results represent the highest 
expected IOP variation for each surgical step during cataract surgery. The IOP variation for UVCS at flow vs setpoint was 
2.36 ± 2.13 mmHg and 4.19 ± 1.97 mmHg during phacoemulsification and irrigation/aspiration, respectively. Figure 2 
illustrates the distribution and variation in IOP across both surgical steps. These results demonstrate that IOP would be 
expected to be maintained within 18 to 22 mmHg when the IOP is set to 20 mmHg during the phacoemulsification step. 
Similarly, with an IOP setpoint of 20 mmHg, IOP would be expected to be within 16 and 24 mmHg during I/A.

Clinical Study
Sixty-eight (68) patients underwent cataract surgery using UVCS with exceptional AC stability observed in all cases. 
100% (3/3) of the surgeons responded that they “Strongly Agree” that the UVCS fluidics provided better anterior 
chamber stability compared to CAS. Please refer to Video S1 demonstrating the anterior chamber stability using UVCS 
in a dense cataract. Additionally, there were no adverse device effects, posterior captures ruptures, or unplanned 
intraoperative surgical procedures reported.

Table 2 Bench Testing: IOP Maintenance Accuracy for 
UNITY VCS at Flow vs Setpoint

Surgical Step IOP Variation (mean ± SD), mmHg

Phacoemulsification 2.36 ± 2.13

Irrigation/ Aspiration 4.19 ± 1.97

Abbreviations: IOP, intraocular pressure; SD, standard deviation; mmHg, 
millimeters of mercury.

Figure 2 IOP Variation for UNITY VCS at Flow vs Setpoint. 
Abbreviations: UNITY VCS, UNITY Vitreoretinal Cataract System; IOP, intraocular pressure; mmHg, millimeters of mercury.
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Discussion
Advances in the fluidic capabilities of phacoemulsification systems have allowed for more consistent intraoperative IOP 
control during anterior segment surgery. The current study found that the UNITY VCS exhibited excellent IOP control 
during all surgical steps of cataract surgery. The results demonstrated that once the desired IOP was reached, IOP was 
maintained at the desired setpoint during flow such that the variation did not exceed a mean of 4.19 ± 1.97 mmHg 
regardless of the surgical step. In one of the larger studies examining diurnal IOP variations, David et al found a mean 
range of IOP fluctuations of 5.0 ± 2.7 mmHg in normal patients.8 UVCS was able to maintain the desired IOP as set by 
the surgeon during all cataract surgery steps where the average variation from the setpoint was similar to the typical IOP 
diurnal variation in normal patients. Maintaining IOP at the desired setpoint will likely increase surgeons’ confidence to 
operate more efficiently and at lower IOP.9,10 Operating at a lower, more physiological IOP has also been previously 
reported to be associated with more postoperative clear corneas and less anterior chamber inflammation 1 day 
postoperatively.1

Maintaining accurate IOP control during cataract surgery is also essential for intraoperative AC stability and surgical 
success, as fluctuations in IOP can cause the chamber to become unstable or collapse. Anterior chamber instability, which 
may be more common in patients with conditions such as pseudoexfoliation due to poor zonular stability, has been 
associated with poor corneal health.11

In an experimental study by Suzuki et al, UVCS demonstrated both a lower rate of IOP reduction and lower AC depth 
changes during occlusion break surge events compared with CAS, which suggests an association with intraoperative IOP 
changes and AC changes.12 Similarly, Araño-Ferrer et al’s clinical study compared AC stability during one-handed 
phacoemulsification with CENTURION OZil® and ACTIVE SENTRY handpieces. The study reported that use of the 
ACTIVE SENTRY handpiece, which includes an integrated pressure sensor at the level of the handpiece to allow for 
real-time detection and compensation of IOP fluctuations during surgery, was correlated with improved AC stability 
scores.13

Like CAS, UVCS/UCS is equipped with an aspiration sensor and pump, but now also includes the addition of an 
infusion sensor and pump that allows for dynamic leakage compensation. The out-of-phase peristaltic flow pulsation for 
both infusion and aspiration allows for smoother and faster fluidic response, thereby enhancing stability. This was 
observed in the present clinical study, where all surgeons reported that UVCS fluidics provided more AC stability 
compared to CAS at the same settings.13 In clinical practice, surgeons generally correlate lower IOP variations with 
better AC stability, which is often observed as less iris movement during surgery. UVCS’ IOP maintenance was also 
visually represented in Video S1, which illustrates less iris movement during the removal of a dense cataract lens.

This study has some limitations. The current bench study utilized a mechanical eye model with average human 
compliance, which allowed for repeatable testing in a controlled environment. However, this model may not accurately 
represent all human eyes under surgical conditions due to large variability in compliance. Eyes with higher compliance, 
such as larger, myopic eyes, for example, may experience more pronounced anterior chamber shallowing in response to 
IOP change, potentially limiting the clinical applicability of the findings. The clinical study provides valuable preliminary 
insights through a comparison of surgeons’ assessment of the AC stability with UVCS and CAS. The results, however, 
are based on surgeons’ retrospective self-reports comparing the UVCS with their current system, which may introduce 
recall bias affecting the findings. As both studies were also conducted as single-arm studies, additional comparative head- 
to-head clinical studies are needed to further corroborate these findings, directly assess intraoperative performance of 
UVCS compared to CAS, and evaluate its impact on postoperative clinical outcomes.

Conclusion
The UNITY VCS/CS demonstrated low IOP variation in bench testing and was perceived to have high AC stability by 
surgeons. Maintaining IOP at the desired surgeon setpoint with minimal variation throughout the duration of the surgery 
may reduce intraoperative and postoperative complications, especially in more complex cases.
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Data Sharing Statement
The clinical data presented is a subset analysis from a larger, multi-center study registered on ClinicalTrials.gov 
(NCT06071104), focusing on questionnaire responses from surgeons from one study site. No patient-level data are 
reported in this manuscript. Study-related information for the larger study, including study registration, participation 
criteria, study plan summary, and summary result, is publicly available at: https://clinicaltrials.gov/study/NCT06071104? 
id=NCT06071104&rank=1
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