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Purpose: To understand the role of ophthalmic viscosurgical devices (OVDs) in corneal incision contracture (CIC). Specifically, the 
aim was to evaluate with the tip of the phacoemulsification needle free of OVD, how various OVDs near the tip and sleeve may 
transmit thermal energy to the incision site.
Methods: A small chamber was filled with balanced saline solution (BSS), and a thin membrane was placed on the surface. OVD was 
placed atop the membrane. A temperature probe was placed in the OVD, while the handpiece pierced the membrane. The experiment 
was run both with and without flow and vacuum. Temperature measurements were gathered for each of the OVDs at four separate time 
points at 0 and 20mL/min flow.
Results: As expected, there was a more pronounced temperature increase in all test groups with no fluid flow. While the temperature 
increase was not significantly different from BSS for any of the OVDs tested at either 0 or 20mL/min, Viscoat showed the most 
variable results at both flow settings.
Conclusion: As long as the phaco tip is not in OVD, residual OVD near the incision is not exothermic and so not an additional risk for CIC.
Keywords: cornea, corneal incision contracture, phacoemulsification, flow, membrane, surface

Plain Language Summary
Standard cataract removal procedure involves phacoemulsification (phaco), using ultrasound energy for cataract emulsification. While 
this approach is generally safe, complications can occur, one being corneal incision contracture. This complication is due to 
a temperature rise, generally above 60°C, at the incision site. Factors like ophthalmic viscosurgical devices (OVDs), which have an 
exothermic reaction to ultrasound energy, can contribute to this complication when occlusion occurs.

This study aimed to assess if the phaco needle tip is free from OVD at 20mL/min and no flow rates, if residual OVD near the 
incision can still be exothermic.

We measured temperature on the membrane surface with the probe immersed in OVD, while the tip was positioned below the 
membrane submerged in BSS. We recorded temperature changes that occurred at 0, 10, 20 and 30 seconds of continual phacoemulsi-
fication. This was repeated using each OVD type with flow set at 0 and 20 mL/min.

We found that as long as there is some, even a low amount, of flow through the tip, any heat transmitted by OVD was not 
statistically different from BSS. Our findings demonstrated the importance of irrigation and aspiration of OVD to allow for free flow of 
BSS before ultrasound use.

Introduction
Phacoemulsification (phaco) is accompanied by various uncommon complications such as endophthalmitis, suprachor-
oidal hemorrhage, retinal detachment, and corneal incision contracture (CIC).1–4 The presence of ophthalmic 
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viscosurgical devices (OVDs) has helped reduce many intraoperative complications of cataract surgery including 
endothelial damage.5 However, OVDs contribute to CIC, due to their variable ultrasound-induced exothermicity, 
especially during outflow occlusion.6 Previous studies have demonstrated that different OVDs have different protective 
effects upon the cornea.7 Additionally, different OVDs have varying levels of CIC risk during phacoemulsification.8 This 
present study aims to better understand how OVDs cause CIC. In CIC, heat from the phaco needle is transferred to the 
incision site and once this reaches 60°C, a CIC will happen within seconds. Any aspiration through the phaco needle 
rapidly cools any thermal build up at or near the phaco tip. The purpose of this study was to investigate conditions when 
the phaco tip is free of OVD but viscoelastic was still present near the corneal incision site, a typical clinical scenario. 
Our hypothesis was that the significant thermal energy may still transmit to the incision site.

Materials and Methods
Experimental Conditions
The test chamber used was plastic, with an approximate radius of 7.5 mm, height of 20 mm and volume of 3500 mm3. It was 
filled with balanced saline solution (BSS) and then a saran wrap membrane was placed on top of the BSS (Figures 1 and 2 
[Rhino Software, Seattle, WA, USA]). While this volume did not represent any specific anatomical volume, the purpose of 
the chamber was to simulate the anterior chamber and the cornea in that they were two volumes that were separated by a thin 
layer. The four OVDs tested were Viscoat (Alcon, a dispersive OVD), DisCoVisc (Alcon, a medium viscosity dispersive 
[MVD] OVD), Healon5 (Johnson & Johnson Vision, a viscoadaptive OVD), and ProVisc (Alcon, a cohesive OVD). 
Henceforth, these OVDs will be identified by the following designations: Viscoat as OVD-1, DisCoVisc as OVD-2, 
Healon5 as OVD-3, and ProVisc as OVD-4. BSS (Alcon) was used as a control and for irrigation. We used a balanced 
0.9 mm, 30-degree non-flared tip (Alcon) that features an aspiration bypass system (ABS). The handpiece was placed into 
the chamber and pierced minimally through the membrane so as to limit the amount of communication between the BSS in 
the chamber and the OVD on the surface of the membrane’s surface. The temperature probe was attached to an Omega 

Figure 1 Experimental setup.
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Temperature Gauge (OM-EL-USB-TC-LCD; Omega Engineering, Norwalk, Connecticut) and then placed directly into the 
OVD, resting on the surface of the membrane, approximating where the wound would be, and maintaining a distance of at 
least 1 mm between the probe and the tip of the handpiece needle. Once a constant temperature was maintained, and/or 5 
minutes had elapsed, the pedal of the Centurion Vision System phaco machine (Alcon Surgical, Fort Worth, Texas) was 
fully engaged. The continuous ultrasound ran for 30 seconds with an intraocular pressure (IOP) of 50 mm Hg, a vacuum of 
0 mm Hg, and an aspiration of 12 cc/min on a continuous torsional setting at 60% power with linear torsional setting with 
50% max power allowed with no longitudinal beyond intelligent phaco. Previous work has shown that present phaco 
technology requires active vacuum at the tip to overcome system resistance engineered to dampen post-occlusion surge in 
a peristaltic system. So, a setting of no vacuum will functionally result in no to very little fluid flow through the system.9 The 
gauge recorded temperature at 0, 10, 20 and 30 seconds. This procedure was repeated 10 times for each of the OVDs.

The experiment was repeated with the phaco machine set to 700+ mm Hg vacuum (a specified setting on the machine) 
and 20 mL/min aspiration.

Statistical Analysis
The temperature change for each trial was calculated by subtracting the initial temperature from the final temperature. 
These values were averaged for each OVD to provide an average temperature increase at 0, 10, 20 and 30 seconds; and 
each OVD result was compared to BSS. These values were then evaluated with Prism software (GraphPad Software, San 
Diego, CA, USA) using ANOVA and Tukey’s multiple comparison test.

Results
At no or very little flow each OVD as well as BSS had an average increase of temperature from baseline to 30 seconds of 
at least 6.88°C with an average increase of 8.34°C. The differences from baseline at 30 seconds are: DisCoVisc (OVD-2) 
(6.88°C ± 1.22), Healon5 (OVD-3) (7.15°C ± 1.65), ProVisc (OVD-4) (7.31°C ± 1.46), BSS (8.30°C ± 5.32), Viscoat 
(OVD-1) (12.06°C ± 8.51). More than the other OVDs, Viscoat featured greater variation in temperature change; 
however, none of these increases in temperature were statistically significantly different from each other when adjusted 
for multiple comparisons. To make sure there was no experimental error, this was repeated. Viscoat continued to show 
a more varied temperature response; however, again, none of the differences were significant (Figure 3).

Figure 2 Diagrammatic representation.
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At 20mL/min flow, the average increase of temperature from baseline at 30 seconds was: Viscoat (0.57°C ± 0.90), 
DisCoVisc (0.66°C ± 0.68), ProVisc (0.79°C ± 0.73), Healon5 (1.22°C ± 0.32), and BSS (2.24°C ± 0.72) (Figure 4). 
None of these was significantly different from each other.

Discussion
This study was designed to better understand the cause of CIC, in aiming to help mitigate this potential adverse effect of 
cataract removal through phacoemulsification.

The cornea is susceptible to changes in temperature that occur during phaco.10 Many studies have attempted to 
understand this rise of temperature through measurement of the temperature change that occurs at or around the tip of the 
handpiece.6,11–13 One primary purpose of this study was to increase understanding of how this temperature change may 
be occurring through a membrane as a surrogate of how temperature transmits from the tip in BSS with the sleeve 
surrounded by OVD. Previous studies have evaluated the thermic properties of different OVDs and how the choice of 
OVD may cause variable exothermicity secondary to ultrasound energy (after accounting for technique, flow, handpiece 
choice, and aspiration).6,14,15 This study is novel in that it aimed to understand the effect of choice of OVD that rests near 
the corneal incision as opposed to the OVD next to the handpiece tip, within the anterior chamber. Surgeons know that 
central OVD can easily be cleared by irrigation and aspiration; however, OVD near the incision could remain during 
ultrasound and theoretically still contribute to exothermic heat increase and a CIC. It is also important to note that each 
OVD used represents different OVD properties and as such it can be noted that dispersive OVD had the most variable 
change in temperature followed by medium viscosity dispersive, cohesive, and finally viscoadaptive.

Fortunately, this study concludes that whatever heat is transmitted by the OVD, it is clinically insignificant and not 
of any concern as long as the phaco tip is surrounded by BSS. It is well known that tip occlusion dramatically increases 
the temperature rise during ultrasound and is likely the greatest risk factor for a CIC; however, the potential for 
a moment of absolute occlusion to occur is decreased due to the ABS present in phacoemulsification tips which ensure 
a small amount of continuous flow into the anterior chamber. It is clear that CIC risk increases with OVD surrounding 

Figure 3 OVD temperature change with low vacuum and low flow and presence of membrane.

Figure 4 OVD temperature change in the presence of vacuum and flow and presence of membrane.
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the tip with tip occlusion. The practical lesson is that a few seconds of irrigation and aspiration before using ultrasound 
is very protective of early OVD-induced CIC. Caution is advised if a lens particle occludes the tip in the surrounding 
OVD, and we advise surgeons to clear the central OVD or minimize phacoemulsification energy by using a lens 
chopper or other instruments to prevent CIC.16 Previous work has shown that using chopping techniques, higher flow 
and vacuum settings that are within the surgeon’s safety zone,5 and phaco settings that promote interval cooling can 
also be protective of CIC.16

So, why might just having the needle tip in BSS obviate residual OVD near the tip showing any exothermic reaction? 
One possibility is it is there, but we did not have the statistical power to detect it. However, even if there is a small 
amount of exothermic reaction, it is unlikely to be of any clinical significance because BSS alone often had more 
temperature increase than was the average for the OVDs tested. This suggests our result differences are random and not 
important. A more interesting and likely conclusion is the very causation of OVD exothermic reaction. In talking to an 
engineer who specializes in cavitation, he surmised that cavitational energy resulted in disulfide bond resonance and heat 
generation (unpublished communication). As cavitation is directed from the tip and rapidly falls off, OVD away from the 
tip does not get this effect; and so, the only thermal effect is friction between the tip and the sleeve which would be, as 
we found, equivalent for BSS and the OVDs tested. Causation of the variability of Viscoat is not clear and can also just 
be a statistical anomaly as the results were not significantly different. However, we did see this with both the no and 
20mL/min flow experiments, and in both cases the mean temperatures were higher, although not significantly so. Viscoat 
has the lowest viscosity and is the most likely to leak through the membrane. Most likely what is happening is that some 
Viscoat did leak to the tip where the cavitation resulted in an exothermic reaction; hence, the small increase in 
temperature and the broad variability we found.

There are several limitations of this study. While the membrane puncture was as small as possible, thereby limiting 
the amount of transfer of BSS to the OVD to within the chamber, the size of the tear in the membrane may have varied. 
Therefore, possible transfer of fluids across the membrane was possible; however, the OVD loss was minimal as we 
observed a stable amount of OVD on the membrane surface during the experiment. Another limitation is that despite 
attempting to maintain an equal distance of the temperature probe to the tip of the handpiece, this distance may have 
varied slightly with each test. We recognize that the baseline temperature varied for one of the measurements; even 
though our focus was on the amount of change present, we recognize that more sophisticated equipment could aid in 
providing more accurate results. This study is limited in that all tips used feature an ABS. This system could have 
provided a protective aspect to the amount of temperature change. Further studies could evaluate the potential effect that 
may take place with a non-ABS tip. More robust data could be produced to evaluate each different OVD property by 
using multiple types of OVD that feature the same OVD properties. Finally, while we anticipate that heat transmission 
across a thin membrane such as saran wrap serves as an adequate model of how heat transmits to the corneal incision, we 
recognize that further studies could corroborate this assumption.

Conclusion
In summary, OVD exothermic heat transfer where the phaco needle tip is surrounded by BSS is clinically insignificant. 
Surgeons should irrigate and aspirate central OVD to ensure free flow of BSS before engaging ultrasound.

Abbreviations
ABS, aspiration bypass system; BSS, balanced saline solution; CIC, corneal incision contracture; IOP, intraocular 
pressure; MVD, medium viscosity dispersive; OVDs, ophthalmic viscosurgical devices; phaco, phacoemulsification.
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