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Purpose: To analyze whether femtosecond laser-assisted surgery leads to less cumulative dissipated energy (CDE) and decreased 
endothelial cell loss compared to conventional surgery.
Patients and Methods: This non-blinded, non-randomized, quasi-experimental clinical trial was conducted at one center and 
involved one surgeon. Patients with cataracts and 50–80 years old were included, and the exclusion criteria were radial keratotomy, 
trabeculectomy, drain tube implant, corneal transplant, posterior vitrectomy, and re-implantation of intraocular lens. In total, 298 
patients were recruited between October 2020 and April 2021, and the data collected included sex, laterality, age, ocular comorbidities, 
systemic comorbidities and CDE. An endothelial cell count was performed before and after surgery. Patients were divided according to 
femtosecond laser-assisted phacoemulsification or conventional phacoemulsification. The femtolaser patients were submitted to the 
equipment, and then, immediately after treatment, phacoemulsification surgery was performed. In the conventional method, the “divide 
and conquer” technique was used. The statistical analysis was made using an analysis of covariance linear model, using SAS version 
9.4 (SAS Institute, Inc., 1999). Values with p < 0.05 were considered significant.
Results: A total of 132 patients were analyzed. The only statistically relevant predictors of CDE were the severity of the cataract 
(p < 0.0001) and age of ≥75 years (p = 0.0003). The following factors were not significant: technique with or without laser 
(p = 0.6862), sex (p = 0.8897), systemic arterial hypertension (p = 0.1658), and diabetes (p = 0.9017). Grade 4 cataracts were 
associated with higher CDE than grade 3 cataracts, which in turn were associated with higher CDE than grade 2 cataracts. 
A comparison of pre- and post-operative specular microscopy with and without laser revealed no significant discrepancy (p = 0.5017).
Conclusion: Femtosecond laser-assisted cataract surgery did not reduce CDE or endothelial cell loss compared to conventional 
surgery regardless of severity.
Keywords: laser therapy, lasers, cataract extraction, cataract

Introduction
Cataracts are a public health problem and the main cause of reversible visual loss. Approximately 41 to 52 million people 
worldwide are blind due to cataracts, and 18 million of them are bilaterally blind. In Brazil, 300.000 people or 
approximately 2% of the population are blind due to cataracts. Femtosecond laser-assisted cataract surgery (FLACS) 
was developed to be safer than conventional cataract surgery with more consistent results. FLACS consists of a real-time 
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optical coherence tomography software program, which analyzes the eye from the anterior segment to the posterior 
capsule of the lens, and performs several steps of manual surgery to improve accuracy, safety, and refraction test results. 
Its technology is of fundamental relevance because the laser has a low-pulse intensity compared to other ophthalmic 
lasers, which allows for reduced energy dissipation and less collateral damage to the ocular tissues.1–3

The use of the FLACS is proposed to offer several advantages: reduction of effective phacoemulsification time; 
decrease of cumulative dissipated energy (CDE); lower rates of endothelial loss, corneal thickening, and edema; and 
attenuation of inflammation. It works by using ultrashort pulses of near-infrared light to disrupt the tissue with 
micrometer precision, providing minimal collateral damage.4

Reducing the effective phacoemulsification time assumes a lower energy load directed to the eye, which can be 
measured using CDE, which in turn can monitor the efficiency of cataract surgery, both in relation to the surgeon and the 
surgical center. CDE is an indicator of quality control and can be used to audit phacoemulsification. Its elevation 
correlates to increased operative time and postoperative recovery because of increased energy dissipation in the eye and 
increased tissue damage.5

The reduction in endothelial cell count can be caused not only by age, but often be seen as a result of cataract surgery, 
long-term contact lens wear, diabetes mellitus, inflammation, and keratoconus. In cataract surgery, endothelial cells can 
be damaged by instrument or intraocular lens contact, irrigation turbulence, movement of nuclear fragments, mechanical 
trauma from ultrasound waves, and increased thermal activity. A low CDE value during surgery translates into less 
energy used and is considered better for corneal recovery. However, a high CDE generates statistically significant corneal 
endothelial loss. A high amount of ultrasound energy used in phacoemulsification during cataract surgery leads to 
endothelial cell damage and corneal edema. The importance of lower ultrasound energy release in the procedure is well 
established in the literature, with evidence of reduced corneal edema and endothelial cell loss.6–8

A major issue to be clarified is whether using FLACS results in lower CDE and consequently less endothelial cell loss 
than those associated with conventional surgery. Owing to the increased life expectancy of the population, preserving the 
corneal endothelial cells, which are responsible for preventing stromal edema and maintaining corneal transparency, is of 
paramount importance to provide better long-term visual outcomes.6,7,9

In patients who have advanced cataracts and/or corneal endothelial dystrophies or require a high infusion volume and 
extensive operative time, the risk of endothelial damage is higher, making the use of laser as a great option for the 
treatment of these patients, especially because of the lower exposure of the ocular structures to ultrasonic energy.4,7

With today’s fast paced lifestyle demands, patients are eager to return to their workplaces and everyday activities as 
soon as possible. However, to evaluate from an economic point of view, FLACS has significant associated financial costs, 
including initial purchase costs of the laser itself, servicing, depreciation and the individual patient interfaces, which 
leads to question its financial viability, especially in health-care systems funded by the state. Schweitzer et al conducted 
a study in five university hospitals in France that analyzed the cost-effectiveness of laser use and concluded that FLACS 
was more expensive (with an additional average of 305 euros per surgery), less effective, and without clinical benefit. 
Roberts et al also concluded that using a previously established economic model, the FLACS service cost £ 144.60 more 
than conventional surgery per case.8,10,11

This study aimed to analyze whether the use of FLACS results in lower CDE and less loss of corneal endothelial cells 
than those associated with the conventional method, especially in cases of grade 2 or grade 3 cataracts that are not 
associated with other ocular comorbidities. Thus, hospitals could make precise indications for its use and optimize costs 
without generating losses in the quality of the results.12

Materials and Methods
This was a non-randomized (quasi-experimental), non-blinded clinical trial, conducted at a single center by a single 
professional. This study adheres to the principles of the Declaration of Helsinki and was approved by the Research Ethics 
Committee of Universidade de Brasília/DF (approval 4.242.627). As CNS Resolution No. 466/2012 was considered, the 
participants’ anonymity was maintained. Written informed consent was obtained from all the patients or their compa
nions prior to surgery.
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Patients with an indication for cataract surgery and aged between 50 and 80 years were included in the study. The 
exclusion criteria were the following preoperative ocular comorbidities: radial keratotomy, trabeculectomy, drainage tube 
implantation, corneal transplantation, posterior vitrectomy, and intraocular lens explantation or re-implantation.

Altogether, 298 patients were recruited between October 2020 and April 2021, and the sample was calculated using 
the EPI INFO TM VERSION 7.2.0.1 public domain software (http://www.cdc.gov/epiinfo/index.html) to reach the 95% 
confidence level. Patients were allocated to a group after joint discussion between the surgeon and patient, considering 
individual peculiarities. Subsequently, the patients were divided according to the scheduled surgical technique: femto
second laser-assisted phacoemulsification or conventional phacoemulsification.

The performance of the laser procedure was not blinded, as the steps performed by the surgeon were visible at the 
time of surgery. However, the collection and analysis of the data obtained and the outcomes were performed by another 
professional. All the patients were evaluated at 1 and 7 days and 6 months postoperatively. Data collected included sex, 
laterality, age, ocular and systemic comorbidities, visual acuity, pre- and postoperative refraction and specular micro
scopy, and CDE.

Lens opacity grading was performed according to the Lens Opacities Classification System III (LOCS III). The CDE 
was obtained as a result of the product of the mean ultrasound (US) power by the US time per surgery, multiplied by 0.4 
(because it was torsional US). The endothelial cell count was made before surgery and 6 months after the procedure, 
using EM-4000 Tomey specular microscope.13

The parameters defined when using the LenSx® femtolaser (Alcon, Fort Worth, TX, USA) were as follows: anterior 
capsulotomy of 4.9 mm; main corneal incision of 2.5 mm and secondary incision of 0.8 mm; fragmentation pattern of the 
lens of 14 J; distance of the anterior capsule of 500 μm and the posterior capsule of 800 μm; space of 10 μm between the 
laser application points and 14 μm between the horizontal layers; and diameter of the treatment area of 5.2 mm. 
Immediately after treatment, phacoemulsification surgery with the Centurion® Vision System (Alcon, Fort Worth, TX, 
USA) was performed. First, a hydrodissection was carried out to mobilize the cortical parts. Then, the pre-cut parts were 
removed. With the irrigation suction, the cortex could be removed until a clear lens capsule was available. At the end of 
the surgery, an intraocular lens was implanted in the capsular bag. In the conventional method, the main corneal incision 
measured 2.2 mm, and secondary incision 1 mm; the “divide and conquer” technique was used, finishing with the 
implantation of the intraocular lens.

Statistical Analysis
In the present study, the eyes of the same patient were matched to the same surgical technique. In the data analysis, 
correlation was considered to test the validity of the results. A propensity score was calculated for each patient using 
a logistic regression model for the use of the laser technique, in which the following independent variables were included: 
age, sex, and presence of systemic arterial hypertension and/or diabetes. Patients were matched 1 to 1 by propensity score 
using the “greedy” matching technique based on a calibration of 0.2 standard deviations (SDs) of the propensity score.

Continuous and qualitative variables are presented as means ± standard errors and frequencies (%), respectively. 
Techniques were compared using fitting linear mixed-effects models for continuous variables, binary logistic models with 
a generalized estimation equation (GEE) for binary qualitative variables, and logistic models of proportional odds with 
a GEE for ordinal qualitative variables. Napierian logarithmic transformation was employed for continuous variables that 
did not have a Gaussian distribution.

The means after surgery for some ophthalmologic parameters were compared between the techniques using a linear 
analysis of covariance mixed-effects models with an unstructured covariance structure. The dependent variable was the 
ophthalmologic measurements obtained postoperatively, the independent variable was the surgical technique used (with 
or without laser), and the covariate was the ophthalmologic measurements at baseline.

Mean CDE values were compared between techniques and cataract severity using linear mixed-effects models with an 
unstructured covariance structure. The model equation followed the standard form of a factorial experiment with main 
effects and the interaction of technique and severity. When the p-value of the interaction was significant, Bonferroni 
correction was used to fit the comparisons between the severity levels.
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The linear mixed-effects multiple regression model with a random intercept and unstructured covariance structure 
was used to evaluate the effect on the CDE of the following independent variables: type of surgery, sex, age, cataract 
severity, and presence of hypertension and/or diabetes. P-values <0.05 were considered significant. Analyses were 
performed using SAS version 9.4 (SAS Institute, Inc., 1999).

Results
A total of 274 eyes (137 pairs) from 216 patients were analyzed. Of these, 240 eyes (192 patients) had no ocular 
comorbidities, which corresponded to 118 right eye and 122 left eye surgeries. After restricting the sample to patients 
without ocular comorbidities, and analyzing the propensity score, 168 procedures (132 patients) were performed: 82 right 
eyes and 86 left eyes. Data regarding age, sex, hypertension and/or diabetes after propensity scoring are presented in 
Table 1.

The mean age ± SD of patients who underwent surgery with and without laser was similar at 68.68 ± 0.76 years and 
68.38 ± 0.76 years, respectively (p = 0.81). Surgery without laser was performed on 48 women and 36 men, and the same 
number of men and women underwent surgery with laser (p = 1). In the surgeries without laser, 18 patients had diabetes 
and 66 did not have it. In the surgeries with laser, 34 patients had diabetes and 50 did not have it (p = 0.02).

The average CDE of cataracts operated on with and without laser and the number of cataracts considered to be grade 2, 
3 or 4 after propensity scoring are recorded in Table 2. The mean CDE ± SD of cataracts operated on without laser was 7.03 
± 0.57, and with laser was 6.80 ± 0.55 (p = 0.80). A total of 52 (61.90%) grade 2 cataracts, 26 (30.95%) grade 3 cataracts, 
and 6 (7.14%) grade 4 cataracts were operated on using the conventional technique, and 42 (50.60%) grade 2 cataracts, 28 
(33.73%) grade 3 cataracts, and 13 (15.66%) grade 4 cataracts were operated on using the femtosecond laser.

After fitting the regression model, the only statistically relevant predictors of CDE that were identified were cataract 
severity (p < 0.0001) and age of ≥75 years (p = 0.0003). Grade 4 cataracts were associated with a higher CDE than that 
associated with Grade 3 cataracts, which, in turn, was associated with a higher CDE than that associated with Grade 2 
cataracts. Patients aged <75 years had a lower CDE than that of patients above this age (p = 0.0003). The following 

Table 1 Epidemiological Characteristics of the Sample After Propensity 
Score Matching

Features After Propensity Score Matching

No Laser (n = 84) With Laser (n = 84) p-valuea

Age 68.38 ± 0.76 68.68 ± 0.76 0.8112

Sex – – 1.0000

Female 48 (57.14%) 48 (57.14%) –

Male 36 (42.86%) 36 (42.86%) –

SAH – – 0.1021

No 40 (47.62%) 28 (33.33%) –

Yes 44 (52.38%) 56 (66.67%) –

Diabetes – – 0.0241

No 66 (78.57%) 50 (59.52%) –

Yes 18 (21.43%) 34 (40.48%)

Notes: Values are expressed as mean ± standard error or frequency (%). ap-value calculated 
using a linear mixed-effects model fit/binary logit (generalized estimation equation)/propor
tional odds logit (generalized estimation equation). 
Abbreviation: SAH, Systemic Arterial Hypertension.
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factors were not significant: technique with or without laser (p = 0.67), sex (p = 0.89), hypertension (p = 0.17), and 
diabetes (p = 0.90).

Overall, 77 ocular comorbidities were identified, including 30 cases of glaucoma (38.9%), 16 post-refractive surgery 
(20.8%), 15 retinopathies (19.5%), 9 corneal pathologies (11.7%), 6 eyelid disorders (7.8%), and 1 amblyopia (1.3%).

The preoperative microscopy of patients who underwent conventional surgery revealed a mean ± SD of 2.605.27 ± 
21.58 cells/mm2 in the preoperative period. In the adjusted postoperative period, 6 months after the surgeries, the mean ± 
SD was 2194.84 ± 70.82 cells/mm2, a 15.75% reduction in the endothelial cell count. Patients who opted to undergo laser 
treatment had a mean ± SD specular microscopy of 2607.88 ± 19.35 cells/mm2 preoperatively, and a postoperatively 
adjusted mean ± SD of 2256.21 ± 56.72 cells/mm2, which means a 13.48% decrease in the number of the endothelial 
cells. The difference between the groups was not considered significant (p = 0.50). Finally, we adjusted the CDE by age, 
sex, hypertension, and diabetes and paired the mean CDE values by severity and technique for maximum similarity to 
a randomized trial (Table 3).

After adjusting the data by the propensity score, grades 2, 3 and 4 cataracts that were operated using the conventional 
technique had a mean CDE ± SD of 5.17 ± 0.61, 8.79 ± 0.85, and 14.71 ± 1.72, respectively. Grades 2, 3 and 4 cataracts 
that were operated on using laser had a mean CDE ± SD of 4.73 ± 0.67, 6.77 ± 0.80, and 13.09 ± 1.16, respectively.

Table 3 Average CDE Values by Severity and Technique After Pairing: 
Mixed-Effects Linear Model Fitting Results

CDE After Propensity Score Matching

Technique p-valuea

No Laser With Laser Between Techniques

Severity – – 0.5425

Grade 2 5.17 ± 0.61 4.73 ± 0.67 >0.05

Grade 3 8.79 ± 0.85 6.77 ± 0.80 >0.05

Grade 4 14.71 ± 1.72 13.09 ± 1.16 >0.05

Note: ap-value adjusted for sex, hypertension, diabetes mellitus, and age. 
Abbreviation: CDE, cumulative dissipated energy.

Table 2 Sample Characteristics by Technique Type After Propensity Score 
Matching

Features After Propensity Score Matching

No Laser (n = 84) With Laser (n = 84) p-valuea

CDE 7.03 ± 0.57 6.80 ± 0.55 0.8026

Severity – – 0.1093

Grade 2 52 (61.90%) 42 (50.60%) –

Grade 3 26 (30.95%) 28 (33.73%) –

Grade 4 6 (7.14%) 13 (15.66%) –

Notes: Values are expressed as mean ± standard error or frequency (%). ap-value calculated using 
a linear mixed-effects model fit/binary logit (generalized estimation equation)/proportional odds logit 
(generalized estimation equation). 
Abbreviation: CDE, Cumulative Dissipated Energy.
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Discussion
This study found that the mean CDE value was significantly higher in patients aged ≥75 years than in patients aged <75 
years (p = 0.0003). This is consistent to a review of cases in San Francisco and China by Bui et al, in which the mean age 
of the patients was 70.7 ± 10.6 years. Increased age of the operated patients was significantly associated with a higher 
CDE, especially when these patients were aged >70 years (increase of log CDE from 0.20 to 0.31, p < 0.001).14

The present discovery regarding diabetes was that the mean CDE values did not differ significantly between patients 
with and without diabetes (p = 0.90) or hypertension (p = 0.17). On the other hand, Bui et al reported that diabetes was 
associated with a higher intraoperative CDE (increase of log CDE of 0.07 in diabetes patients, p = 0.007).14

However, due to the propensity score matching, which focused on age and sex to almost randomize the sample, the number 
of diabetic patients in the laser group became 88.89% higher than the without laser group, which made them unbalanced in this 
point of view. Due to this issue, the disproportion of this feature makes it one of the limitations of the study.

In this study, paired data indicated that the mean CDE values according to cataract severity did not differ between the 
techniques (p = 0.55). However, although lacking in statistical significance, the CDE values for those treated with laser were 
always lower for the three severity levels than those observed in individuals treated without laser. Furthermore, the CDE score did 
not differ significantly between patients operated on with and without laser before and after pairing (p = 0.69).15

In contrast, Hida et al compared 400 surgeries performed with and without laser (two groups of 200) and reported 
a significant reduction in the CDE in femtosecond laser surgeries.

The possible factors that could justify this difference in results were mainly different methods of the nucleus 
fragmentation and parameters in FLACS. In the case of LenSx®, in the study by Hida et al, the cylindrical diameter 
was 6.0 mm, the fragmentation pattern of the lens was 12 µJ, and the separation of the layers was 20 µm, whereas they 
were 5.2 mm, 14 µJ, and 14 µm in the current study, respectively. As for the Centurion® parameters, Hida et al used the 
prechop technique, a suction rate of 35 cc/min, maximum vacuum of 350 mmHg, and torsional amplitude of 100%, 
whereas in the current study, they were 46 cc/min, 400 mmHg, and 70%, respectively.15

Similar to Hida et al, Mencucci et al reported that the CDE value of the conventional group was significantly higher 
than that of the FLACS group (9.72 ± 2.42 vs 7.99 ± 1.94, p = 0.017). However, in a study by Ang et al conducted in the 
Philippines, only the surgeries on grade 4 cataracts according to the LOCS III system had significantly reduced CDE in 
the FLACS group compared to those in the conventional surgery group.4,15

Bui et al analyzed the correlation between the increase in CDE according to cataract severity and reported that the 
more advanced the cataract, the greater the increase in CDE. Cataracts grade 2, 3, and 4 exhibited increased CDE 
(increase in log CDE of 0.12–0.41 from grade 2 cataracts, p < 0.001). Moreover, the mean CDE values differed 
significantly between at least two severity levels; the mean CDE of grade 2 cataracts was lower than that of grade 3 
cataracts (p = 0.0174), which in turn was lower than that of grade 4 cataracts (p < 0.0001).14,16

Despite the findings of this study, there are some situations in which the use of FLACS is highly recommended. This device 
may be particularly beneficial in complex cases with greater risk for corneal endothelial decompensation, like hypermature 
cataracts, Fuchs dystrophy, highly brunescent nuclei and loose zonular, as it spares the zonules from the additional stress of 
manually tugging on the anterior capsule. These patients were part of exclusion criteria from the present study.17

In the current study, although the laser group had less endothelial cell loss (mean loss of 15.75% of cells in the group 
without laser vs 13.48% in those with laser), this difference was not significant. The percentage of endothelial cell loss in 
both groups was consistent with the findings in the literature: according to Mencucci et al, the reported losses vary 
between 4% and 25%, and according to Schoroeter’s et al, between 1.4% and 23%. In Schroeter’s study, there was 
a 12.7% cell loss in the FLACS group and a 17.4% loss in the conventional group.8,18

This wide range of corneal endothelial cell loss identified in the literature can possibly be due to intraoperative 
destructive toxic and mechanical variables, such as turbulent fluid flows, the solution volume, use of appropriate 
viscoelastic, turbulent lens fragments, ultrasonic energy from conventional ultrasound cataract surgery, effective pha
coemulsification time, total surgery time, intraocular lens implantation, pharmacological influences and direct mechanical 
trauma from manipulations of instruments in the eye, all related to total case time and technique.8,18–20
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Mencucci et al compared the corneal endothelial loss in conventional surgery versus FLACS and observed a greater 
loss in the conventional group at the three time points (7 days, 1 month, and 6 months postoperatively; all p < 0.05). 
When the density of endothelial cells was adjusted to the preoperative values, greater density was identified in the 
FLACS group at all three time points (all p < 0.05), suggesting that the laser generates less endothelial loss and also 
results in greater endothelial density in the immediate and late postoperative periods. Furthermore, endothelial cell loss is 
directly proportional to CDE and US power (r = 0.389, p = 0.013).18

However, Abell et al reported a significant reduction in endothelial cell loss and corneal edema in the early 
postoperative period after femtosecond laser surgery (1 day and 3 weeks). Nevertheless, at 6 months postoperatively, 
no significant difference was observed. Abell et al reported that any kind of stress, especially surgical stress, can increase 
edema and endothelial cell loss. The reason for the lower cell loss in the laser group may be the shorter total operative 
time and the consecutive reduction in phacoemulsifier power, causing less ultrasonic vibrations and therefore inducing 
a decrease in cell stress and incidence of postoperative corneal edema.19

Schroeter et al compared FLACS with the conventional method in terms of endothelial cells and found that gathering 
all grades of cataract, no statistically significant difference between the femtosecond laser and conventional group in 
terms of corneal endothelial cell count was observed. The only time that it was found a statistical difference was for 
grade 2 cataracts at 4 weeks post operation (p = 0.048); however, this difference was not considered statistically different 
anymore when it reached 12 weeks post operation (p = 0.093). Furthermore, we did not find differences in coefficient of 
variation of endothelial cell area and percentage of hexagonal cells between the two groups.8

Similar to these studies, Schweitzer et al observed no difference in endothelial cell counts in the CDE of FLACS or 
conventional surgeries. Moreover, no significant differences in corneal thickness and total US time were observed between the 
FLACS group and conventional surgery group. Regarding quality of life, Schweitzer et al have reported that cataract surgery 
increased the ability of patients to perform activities of daily living, regardless of the surgical technique used.10

Conclusion
The use of the femtosecond laser to assist in cataract surgery does not result in lower CDE compared to that associated 
with conventional surgery regardless of the severity of the cataract. Likewise, the endothelial cell associated with 
femtosecond laser surgery does not differ significantly from that associated with conventional surgery.

The limitations of the study were, at first, the unbalanced numbers of diabetic patients compared to the control group 
after propensity score matching; moreover, only the divide and conquer method of the nucleus fragmentation was used in 
this study, which could be an explanation for the difference among our results and another findings from literature, where 
direct chop or horizontal chop were applied.
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