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Purpose: To determine the energy expenditure in phacoemulsification surgery expressed as cumulative dissipated energy (CDE) 
among the divide and conquer, ultrachopper-assisted divide and conquer, and phaco-chop techniques for dense cataract removal.
Patients and Methods: The clinical data were obtained from the medical charts of dense cataracts patients undergoing routine 
phacoemulsification employing any of three phaco-fragmentation techniques, including divide and conquer using the Kelman 0.9 mm 
tip, the ultrachopper tip, and the phaco-chop technique using the Kelman 0.9 mm tip. Cumulated dissipated energy (CDE), longitudinal 
ultrasound time (UST), and endothelial cell loss were compared among groups at the one-month postoperative.
Results: Surgeries from 90 eyes were analyzed, among whom the conventional divide-and-conquer technique group included 30 
patients, 32 in the ultrachopper group, and 28 in the phaco-chop technique group. The average CDE in the conventional divide and 
conquer group was 44.52 ± 23.00, the ultrachopper technique was 43.27 ± 23.18, and 20.11 ± 11.06 in the phaco-chop group. Phaco- 
fragmentation chop demonstrated significantly lower CDE than the other techniques (p= <0.0001). The phaco-chop technique showed 
statistically significantly lower CDE when compared to the other two groups (p=<0.0001) with 93.96 ± 39.71 seconds. There were no 
statistically significant differences in postoperative endothelial cell density between groups (p=0.4916).
Conclusion: The use of the phaco-chop technique in hard cataract phacoemulsification represents a lower energy expenditure than 
divide and conquer and ultrachopper techniques; nevertheless, no differences regarding endothelial density loss were evidenced.
Keywords: dense cataracts, ultrachopper, phaco-chop, stop-and-chop technique, divide-and-conquer technique, cumulative dissipated 
energy

Introduction
Phacoemulsification is the most prevalent technique for cataract removal worldwide, demonstrating high standards for 
efficiency and patient safety.1 Currently, the employment of various phacoemulsification and phaco-fragmentation 
techniques may contribute to lower energy use and, therefore, less endothelial cell injury due to the amount of ultrasound 
energy dispensed. Cumulative dissipated energy (CDE) is the total amount of energy expended in the phacoemulsifica
tion, expressed in units, calculated using the following equation: CDE = mean phaco power x phaco time.1 Dense 
cataracts often require more energy for their removal, which has potential implications for corneal endothelial cell loss. 
The amount of CDE dispensed will depend on various parameters, including lens density, the fragmentation technique, 
and the surgeon’s experience. Reducing expenditure during phaco-fragmentation and emulsification is one of the main 
concerns during cataract surgery.2 A higher CDE count has been associated with increased damage to intraocular 
structures, particularly the corneal endothelium.3,4 Technologic improvement developed to reduce CDE, fluidics, and 
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aspiration time during phacoemulsification.1 Loss of endothelial cells during conventional phacoemulsification has been 
reported between 4 to 25% for regular nuclei, increasing for hard nuclei up to 42% approximately.5,6

Several techniques have been described to optimize CDE expenditure during the nucleus phacoemulsification, 
including phaco-chop and divide and conquer.7–12 The Ultrachopper is a modification of the standard phacoemulsification 
handpiece tip, characterized by a flattened handpiece including a mild downward angulation and two laterally placed 
aspiration ports. The main purpose of this modification is to assist nucleus phaco-fragmentation the nucleus for dense 
cataracts.12

The purpose of this study aims to compare the total amount of US energy dispensed employing three phaco- 
fragmentation techniques: 1. The conventional divide and conquer using the 0.9 mm tip, 2. The ultrasound-knife- 
assisted (ultrachopper) phaco-fragmentation and the horizontal phaco-chop techniques in terms of energy expenditure 
and loss of endothelial density.

Materials and Methods
A retrospective study was carried out from 2017 to date at the Anterior Segment Surgery Department, Asociación para 
Evitar la Ceguera en México I.A.P. in Mexico City, Mexico. The Internal Review Board approved this study, which was 
conducted following the tenets of the Declaration of Helsinki and Good Clinical Practices Guidelines. We reviewed 90 
medical charts of patients who underwent phacoemulsification in our clinic employing the following techniques: divide 
and conquer with Kelman 0.9 mm phaco tip, divide and conquer with Ultrachopper tip, and phaco chop with Kelman 
0.9mm phaco tip. Also, due to the retrospective nature of the review, all retrieved data was anonymized and maintained 
with confidentiality to enforce the privacy of the participants.

Patients
Key inclusion criteria were patients with dense cataracts (≥ NO4 cataracts according to LOCS III), older than 40 of both 
genders. We excluded syndromes, poor pupil dilation, angle-closure glaucoma, history of uveitis, ocular trauma, previous 
intraocular surgery, corneal dystrophies or scarring, and endothelial cell count lower than 1000 cells/mm2 from the 
analysis.

Surgical Technique
For the phacoemulsification procedure, the Infiniti platform was used for all cases (Infiniti TM Vision System, Alcon 
Laboratories). The divide and conquer technique was performed using the 0.9 mm 45° Kelman phaco tip, as depicted in 
Figure 1. The ultrachopper tip was employed in the second group, as shown in Figure 2. In both divide and conquer 
techniques, longitudinal linear ultrasound at 50% power, 80 mmHg vacuum, 25 cc/min aspiration flow, and 80 cm bottle 

Figure 1 (A) Nucleus disassembly is achieved by sculpting grooves with the phaco probe and cracking the lens into four quadrants. After the nucleus is divided into two, 
the second instrument spins the lens 90 degrees, suitably placing the lens to create the subsequent groove. (B) Groove carving lateral view. The groove must ideally be at 
least 1.5 times as wide as the phaco-tip to facilitate adequate nucleus disassembly.
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height were used to accomplish the four-quadrant fracture. For the phaco-chop technique, we used the 0.9 mm 45° 
Kelman tip, and the parameters employed were: ultrasound of 50% power, at 50 pulses per second with 50% work cycle, 
400 mm/Hg vacuum, and aspiration flow of 40cc per minute with a bottle height of 100 cm. The phaco-chop technique is 
described in Figure 3.

Outcome Measurement
Ultrasound Time (UT) and CDE were registered for all techniques when the four nuclear quadrants were obtained. For 
nuclear removal, torsional linear continuous ultrasound with 100% power, 350 mmHg vacuum, aspiration flow of 35 cc/ 
min, and bottle height of 100 cm were used in the three groups. Final UT was registered, as well as the CDE. Endothelial 
cell count was measured and registered previous to the surgical procedure and one month afterward.

Statistical Analysis
Continuous and categorical variables were shown as standard deviation and percentages, respectively. According to data 
distribution, the differences between the continuous variables were evaluated using a t-test or the Wilcoxon test. Also, we 
employed Pearson’s correlation coefficient to establish an association between the variables. One-way ANOVA test for 
repeated measures, Friedman test will be used depending on the data distribution. The distribution of the variables was 
assessed employing the Shapiro–Wilk test.

Figure 2 (A) The ultrachopper phaco-tip was employed to achieve two perpendicular slim grooves in the nucleus allowing four quadrant formation. (B) Lateral view of the 
nucleus groove sculpting employing the ultrachopper.

Figure 3 (A) In the phaco chop technique, ultrasound was applied with the 0.9 mm 45° Kelman to penetrate the nucleus. (B) Lateral view of the horizontal mechanical chop 
performed, obtaining two halves.
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Results
We analyzed 90 eyes that underwent cataract phacoemulsification with intraocular lens implants. Thirty eyes in the 
conventional divide and conquer technique (Kelman 45o tip), 32 in divide and conquer with ultrachopper, and 28 in the 
phaco chop group. There were 46 right and 44 left eyes; 53% of patients were female. The mean age was 71.31 (range 
52–86), as depicted in Table 1. The mean initial best-corrected visual acuity (BCVA) was 1.38 logMAR in the 
conventional divide and conquer group, 1.31 logMAR in the ultrachopper group, and 1.32 logMAR in the phaco chop 
group. Mean BCVA after the surgical procedure was 0.17 logMAR, 0.25 logMAR, and 0.18 logMAR for the phaco chop, 
ultrachopper, and conventional divide and conquer techniques, respectively.

The mean CDE was 20.11 ± 11.06, 43.27 ± 23.18, and 44.52 ± 23.00 in the phaco chop, ultrachopper, and divide and 
conquer groups, respectively. There was a statistically significant difference (p = <0.0001) in the amount of CDE in the 
phaco chop group, as depicted in Figure 4.

Regarding ultrasound time, the phaco chop group evidenced a statistically significant less time compared to the other 
groups (93.96 ± 39.71 seconds; p = 0.0085). The ultrachopper group depicted 132.9 ± 49.52 and 132.59 ± 59.26 for the 
divide and conquer group, as shown in Figure 5.

Table 1 Demographic Features

Parameter Phacochop Ultrachopper Divide & Conquer p-value

Gender (%)
Fem 61.5 57.2 57.1 -
Male 38.5 42.8 42.9

Age (years)

Mean ± SD 72.64 ± 9.27 76.71± 8.27 70.39 ± 14.31 0.120
Range 58–91 63–91 67–82

CI 95% 69.05–72.24 73.22–80.20 65.32–75.47

ECC pre (cell/mm2)

Mean ± SD 2290 ± 661.8 2119 ± 387.6 2369 ± 375.5 0.292
Range 1023–3690 1423–2945 1769–3011

CI 95% 1961, 2620 1932, 2306 2182, 2555

Figure 4 CDE comparison among groups. (Kruskal–Wallis test and Dunn’s multiple comparison; p<0.0001=****). 
Abbreviation: ns, non-significant.
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The preoperative endothelial count was 2290 ± 661.8 cells/mm2, 2119 ± 387.6 cells/mm2, and 2369 ± 375.5 cells/ 
mm2 for the phaco chop, ultrachopper, and divide and conquer, respectively (Table 2). The postoperative endothelial 
count was 1396 ± 455.8 cells/mm2, 1334 ± 504.5 cells/mm2, and 1512 ± 498.9 cells/mm2 for the divide and conquer, 
ultrachopper, and phaco chop groups, respectively, Table 2. As for endothelial cell loss, there was no statistically 

Figure 5 Total USG comparison among groups. (Kruskal–Wallis test and Dunn’s multiple comparison; p<0.01= **). 
Abbreviation: ns, non-significant.

Table 2 CDE, Endothelial Cell Loss, and US Time

Parameter Phacochop Ultrachopper Divide & Conquer P-value

CDE (units)

Mean ± (SD) 20.11 ± 11.06 43.27 ± 23.18 44.52 ± 23.00 <0.0001
Range 6.97–45.92 16.52–105.06 10.06–95.43

CI 95% 15.83, 24.40 34.91, 51.63 35.93, 53.11

US time (sec)

Mean ± SD 93.96 ± 39.71 132.9 ± 49.52 132.2 ± 59.26 0.009
Range 71–203 49–223 28–273
CI 95% 78.57, 109.4 114.8, 151.1 110.8–153.5

ECC (cell/mm2)
Mean ± SD 2290 ± 661.8 2119 ± 387.6 2369 ± 375.5 0.292
Range 1023–3690 1423–2945 1769–3011
CI 95% 1961, 2620 1932, 2306 2182, 2555

ECC post (cell/mm2)
Mean ± SD 1396 ± 455.8 1334 ± 504.5 1512 ± 498.9 0.677
Range 821–2128 743–2064 873–2468
CI 95% 1070, 1722 995.5, 1673 1195, 1829

Endothelial loss (cell/mm2)
Mean ± SD 729.3 ± 499.3 714.9 ± 461.9 877.5± 351.5 0.491

Range 128–1900 69–1900 264–1458

CI 95% 481.1, 977.6 492.3, 937.6 696.8, 1058

Note: One-way ANOVA. 
Abbreviations: CDE, cumulative dissipated energy; US, ultrasound; ECC, endothelial cell count; SD, standard deviation; CI, 
confidence interval.
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significant difference among groups (p = 0.4916). The phaco chop group had an endothelial cell loss of 729.3 ± 499.3 
cells/mm2, the ultrachopper group had 714.9 ± 461.9 cells/mm2, and the divide and conquer group had a cell loss of 
877.5 ± 351.5 cells/mm2 (Table 2). The main endothelial cell loss count in this study was 35%.

Discussion
Fragmentation of dense nucleus in four quadrants is the most challenging step in hard cataract surgery through a micro- 
incision.7,8 The phaco chop technique is considered one of the best for dealing with hard cataracts; also, a lower CDE 
expenditure has been described compared to other surgical techniques.8–12 In our study, we aimed to compare the total 
energy expenditure delivered to intraocular tissues, employing three different phaco-fracture techniques for dense 
nucleus.

The main finding in our study was a statistically significant difference in the CDE expenditure among the included 
techniques, showing downright lesser values compared to the ultrachopper and the conventional divide and conquer 
technique. This finding is in concordance with previously reported data by Park et al.13 They compared CDE expenditure, 
total ultrasound time, and endothelial cell loss employing three fracture techniques: phaco chop, stop-and-chop, and 
divide-and-conquer in NO2, NO3, and NO4 cataracts according to LOCS III. They reported statistically significantly 
lesser CDE values and ultrasound time when employing the phaco-chop technique; nonetheless, this applied only to NO4 
cataracts. It is worth mentioning that the main CDE and total US time measured in our study differed from that reported 
by Park.8 This can be partially explained due to the inclusion of denser cataracts in our study, a common occurrence in 
our elderly population. Moreover, in a recent study in our hospital by Gonzalez-Salinas et al, they compared two 
phacoemulsification platforms (Infinity vs Centurion), reporting lesser CDE values for NO2 and NO3 cataracts according 
to the LOCS II classification system.1 Nonetheless, similar CDE values were reported for NO4 and NO5 cataracts 
compared to our study. Also, the endothelial cell count after surgery was comparable as well. This suggests that, in our 
population, denser cataracts often undergo phacoemulsification surgery, and therefore, increased CDE values and 
ultrasound time can be observed. In addition, the ultrasound time was also significantly lesser within the phaco-chop 
group compared to the divide and conquer and ultrachopper groups. Several reports have described similar ultrasound 
time measurements.12–14 In a recent study, Parkash8 reported lesser ultrasound time, even though the main part of the 
included patients had mild to moderate nucleus density.14 Also, other reports have also suggested that the ultrachopper tip 
helps chop the nucleus while maintaining wound temperature in lower estimates.12 Nonetheless, no reports compare 
energy expenditure between ultrachopper and other techniques, including dense cataracts.

On the other hand, we found no statistically significant difference in endothelial cell loss among these groups. This 
finding contrasts with previously reported data by Park.13, Which conversely suggests that increased levels of CDE and 
ultrasound time are not the only factors associated with endothelial cell injury. Other factors can decisively contribute to 
decreasing postoperative endothelial cell loss, such as fluidics and instrument manipulation within the anterior 
chamber.15,16 Also, other variables have been described to contribute to reducing the endothelial cell count postopera
tively, including the anterior chamber depth, axial length, and intraocular lens design and location. In this regard, 
Khalid17–21 measured the impact of such factors on endothelial injury after a phacoemulsification procedure and 
suggested that the phaco-chop technique is superior in energy efficiency. In addition, Fernández compared endothelial 
cell loss between diabetic and nondiabetic patients undergoing cataract surgery, employing the phaco-chop technique, 
describing a similar mean postoperative endothelial cell count in the nondiabetic group.18 Moreover, Ganesan compared 
the endothelial cell damage in diabetic and nondiabetic patients during phacoemulsification, suggesting that in addition to 
the risk mentioned above factors, postoperative inflammation also constitutes a significant risk factor for endothelial cell 
injury in diabetics.19

Our study failed to find a statistically significant difference among groups regarding postoperative endothelial cell 
loss. Nonetheless, the ultrachopper group demonstrated a slightly non-significant lower endothelial cell loss than the 
other two groups. Furthermore, we consider it a safe and downright useful tool since it allows comfortable manipulation 
and requires a fairly low learning curve to manage a hard nucleus adequately, which is in accordance with a previously 
reported study conducted by Barlow et al, assessing the security and efficacy using the ultrachopper tip.12
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Several limitations of this study should be considered. First, studies of retrospective nature made it challenging to 
gather complete information from medical records, leaving some variables of interest lacking from proper assessment. 
Secondly, all procedures were not performed by the same surgeon; nonetheless, all surgeries were performed by attending 
surgeons with experience managing dense cataract cases. Finally, we assessed the endothelial cell loss for at least six 
months after surgery; nevertheless, other key related variables, including the variability coefficient, further evaluating the 
impact of the cell injury in the corneal endothelium with each technique were not considered.

Conclusion
In our study, the CDE and the ultrasound time were significantly lower, employing the phaco chop technique compared to 
divide and conquer and ultrachopper techniques. However, this difference did not translate into a significant post
operative endothelial cell loss favoring any single approach. These findings suggest that the included techniques 
constitute a valid approach to dense cataracts. Nonetheless, the phaco chop technique produced fewer CDE counts and 
ultrasound time.
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