
O R I G I N A L  R E S E A R C H

Comparison of Femtosecond Laser-Assisted 
Cataract Surgery and Conventional 
Phacoemulsification on Endothelial Cell Density 
When Using Torsional Modality

Yoshitaka Oka1 

Noriyuki Sasaki2 

Valentine P Injev 3

1Senshinkai Eye Institute, Iizuka-shi, Japan; 
2Alcon Japan Ltd., Tokyo, Japan; 3Alcon 
Vision LLC, Lake Forest, CA, USA 

Purpose: To compare the effects of femtosecond laser assisted cataract surgery (FLACS) 
and manual phacoemulsification on cumulative dissipated energy (CDE), torsional ampli-
tude, and endothelial cell density (ECD).
Patients and Methods: This prospective, randomized study was conducted at Oka Eye 
Clinic (Fukuoka, Japan). Surgeries were performed using FLACS (with LenSx) or conven-
tional technique in adults ≥20 years with grade 2–4 cataracts. Visits included preoperative, 
surgery day, and 5 postoperative visits (days 1, 4–10, 20–40, 60–120, and 150–210). Primary 
endpoint was CDE. Secondary endpoints included ECD percent change at day 150–210 
versus preoperative visit and average torsional amplitude on surgery day. Exploratory end-
points included central corneal thickness and corrected distance visual acuity (CDVA). 
Superiority of FLACS to conventional technique was evaluated using t-tests based on 
a mixed model for repeated measures.
Results: Full analysis set included 53 eyes per group. Mean cataract grade was 2.92±0.58 in 
FLACS and 2.94±0.57 in conventional group. FLACS versus conventional method had 
significantly lower mean CDE (0.213±0.334 versus 1.718±0.898%-seconds, respectively; 
P<0.0001), demonstrating superiority of FLACS. Low endothelial cell loss (ECL) was 
achieved with both FLACS and conventional methods (1.5±5.6% and 2.7±5.2%; P=0.260). 
Torsional amplitude was significantly lower for FLACS versus conventional method (19.6 
±16.0% versus 31.1±6.6%; P<0.0001). Central corneal thickness was comparable for both 
methods at all visits except day 1; CDVA was comparable for both methods at all post-
operative visits.
Conclusion: FLACS achieved significantly lower CDE compared with the conventional 
surgical method (P<0.0001). Low ECL was achieved with both FLACS (1.5%) and conven-
tional (2.7%) methods.
Keywords: cumulative dissipated energy, endothelial cell loss, LenSx, torsional phaco

Introduction
Cataract is the leading cause of blindness worldwide; in 2010, cataract was reported 
to cause blindness in approximately 11 million people and visual impairment in 
35 million people.1 An aging population and improved access to healthcare may 
contribute to an increase in the number of cataract surgeries performed each year. In 
some countries, the cataract surgery rate was up to 10,000 surgeries per million 
population in 1 year.2 There is a need to continuously improve cataract surgery 
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performance to achieve optimal visual outcomes and 
reduce intraoperative trauma resulting from the surgical 
intervention.

Femtosecond laser assisted cataract surgery (FLACS) 
can improve surgical accuracy and efficiency by standar-
dizing corneal incisions and improving centration, circu-
larity, and intended diameter of the capsulotomy.3–5 

Furthermore, lens fragmentation using FLACS resulted 
in lower effective phacoemulsification time compared 
with the conventional method.6 Indications for LENSX 
Laser System (Alcon Vision LLC), one of the commer-
cially available FLACS surgery platforms, include anterior 
capsulotomy, nucleus fragmentation, and corneal incision. 
The LenSx system was demonstrated to be a safe and 
efficient method of performing corneal incisions, capsulor-
hexis, and lens fragmentation.7 In comparative studies, 
femtosecond lasers produced more precise and reproduci-
ble capsulorhexis and significantly lower IOL power cal-
culation errors compared with manual procedures.8,9 Less 
energy and time were required for phacoemulsification 
using FLACS compared with conventional 
phacoemulsification.10−12 Additionally, better visual and 
refractive outcomes were reported with femtosecond 
lasers.13

The CENTURION Vision System (Alcon Vision LLC) 
is a widely used phacoemulsification system for cataract 
surgery. Lower phacoemulsification time and improved 
followability have been reported with torsional ultrasound 
compared with a phacoemulsification system operated in 
longitudinal mode.14 When using the torsional ultrasound, 
lower cumulative dissipated energy (CDE), shorter aspira-
tion time, and lower use of aspiration fluid have been 
reported with an active-fluidics system compared with 
a gravity-fluidics system.15 CDE is the measurement of 
ultrasound energy at the incision site during phacoemulsi-
fication; lower CDE has been linked to better outcomes for 
endothelial cells after cataract surgery and may lead to 
better cornea recovery.16

Endpoints such as surgery-related endothelial cell loss 
(ECL) and increase in central corneal thickness can be 
assessed to measure the degree of traumatic effects from 
cataract surgery on the eye. ECL after cataract surgery can 
vary; some studies reported ECL between 1.2% and 
17%,17 while in other studies ECL ranged from 4% to 
25%.18 ECL correlated with a number of phacoemulsifica-
tion parameters, including CDE, average phacoemulsifica-
tion power and time, aspiration time, aspiration volume, 
and volume used of balanced salt solution.16 Increased risk 

of ECL and corneal edema associated with CDE highlight 
the importance of reducing CDE during phacoemulsifica-
tion. FLACS has been shown to reduce the amount of 
required ultrasound energy, which may have an effect on 
ECL.12,19,20

This study assessed CDE and torsional amplitude on 
the cataract surgery day, postoperative outcomes after cat-
aract surgery (ie, ECL), and compared FLACS capsulot-
omy and lens fragmentation using the FLACS versus 
manual cataract surgery (ie, conventional technique). The 
goal of the study was to examine if the use of FLACS 
improved CDE, torsional amplitude, and endothelial cell 
density (ECD) outcomes compared with manual phacoe-
mulsification with torsional modality. The Centurion 
Vision System with identical phacoemulsification para-
meters was used for both methods.

Methods
Study Design
This was a prospective, randomized, observer-masked 
(specular microscope only) clinical trial (ClicalTrials.gov, 
NCT03479944) conducted at a single study site in Japan, 
August 22, 2018 to May 17, 2019, in accordance with the 
Declaration of Helsinki. An independent ethics committee, 
Non-Profit Organization MINS Institutional Review 
Board, reviewed and approved the clinical study protocol.

Included in the study were adults ≥20 years old with 
grade 2–4 cataracts per Emery-Little Classification and with 
planned cataract removal by phacoemulsification in both 
eyes. Subjects had potential Corrected Distance Visual 
Acuity (CDVA) of 0.7 decimal or better in the study eye. 
Excluded from the study were subjects with corneal opa-
city; hypotony or presence of a corneal implant; ocular or 
eyelid disease; corneal disease that precluded applanation of 
the cornea or transmission of laser light at 1030 nm; blood 
or other material in the anterior chamber, poorly dilating 
pupil, contraindications to cataract surgery, corneal ECD 
<2000 cells/mm2; peripheral iridotomy; two different grades 
of cataract in both eyes; expected ocular surgical treatment 
other than Nd:YAG capsulotomy; systemic or ophthalmic 
disease. Additionally, subjects could be excluded from the 
study during surgery if there were any additional procedures 
or interventions (ie, posterior capsule rupture, vitreous loss); 
incomplete continuous curvilinear capsulorhexis by LenSx; 
significant anterior chamber bleeding; uncontrolled intrao-
cular pressure; or at the discretion of the surgeon because of 
clinical reasons.
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The study was done in paired eyes from the same 
subject. Subjects were randomized using random assign-
ment by the permutated block method, with 1 eye assigned 
to FLACS and the other eye to conventional techniques. 
Randomization information was masked to the specular 
microscope observer other than the surgeon.

Surgery
All surgeries were performed by the same experienced sur-
geon (Y.O.), using either FLACS or conventional surgical 
technique. For FLACS, the LenSx Laser System was used 
for the capsulorhexis and lens fragmentation, followed by 
manual corneal incision and phacoemulsification (Table 1). 
For the conventional surgical technique, initial corneal inci-
sion was followed by continuous curvilinear capsulorhexis 
and lens fragmentation using a manual stop and chop tech-
nique (Nagahara Phaco Chopper, ASICO) and phacoemulsi-
fication. Corneal incisions were performed manually in both 
groups to match conditions and minimize the differences in 
methods other than removal of the lens during phacoemulsi-
fication. Phacoemulsification after both FLACS and conven-
tional techniques was performed using the Centurion Vision 
System with a balanced ultrasound tip (phaco power, 0%; 
torsional power, 50%; vacuum, 600 mmHg; aspiration flow, 
30 mL/min; ultrasonic mode, continuous). A slit angled 
2.65 mm arched knife (Mani, Inc.) was used to make 
a main incision and insert an UltraSert AcrySof IQ Single 
Piece intraocular lens (Alcon Vision LLC). During surgery, 
balanced salt solution PLUS Irrigating Solution 0.0184% 
(Alcon Vision LLC) was used. Ophthalmic viscoelastic 
device (OVD) was PROVISC (Alcon Vision LLC); other 
OVDs could be used if medically necessary.

Assessments
Subjects were examined at the preoperative visit (within 
60 days before surgery), the surgery day visit, and 5 

postoperative visits (day 1, day 4–10, day 20–40, day 
60–120, and day 150–210).

The primary endpoint was CDE, recorded after the 
ultrasound portion of the surgery. Total CDE = (longitu-
dinal time × average longitudinal power) + (torsional time 
× 0.4 × average torsional amplitude), where 0.4 represents 
the approximate reduction of heat dissipated at the incision 
compared with conventional phacoemulsification.21

Secondary endpoints included percent change of ECD 
at day 150–210 compared with the preoperative visit and 
average torsional amplitude on surgery day. Specular 
microscopy (EM-3000 Specular Microscope, Tomey) was 
performed and central corneal ECD were assessed by the 
same masked observer both at the preoperative visit and 
the day 150–210 visit. To reduce variability of ECD 
assessments, the same instruments were used for all mea-
surements at all site visits. Cell counting was done auto-
matically by the instrument.

Slit lamp examinations were conducted at the preo-
perative visit and all postoperative visits. At the preopera-
tive visit, lens condition was graded 1–5 by 2 independent 
specialists (other than the surgeon) according to the 
Emery-Little classification. Exploratory endpoints 
included central corneal thickness and CDVA, evaluated 
at the preoperative visit and all postoperative visits. CDVA 
was assessed under photopic lighting conditions using the 
decimal visual acuity chart.

Statistics
The full analysis set included eyes with successful cataract 
surgery, where anterior capsulotomy and lens fragmenta-
tion were completed using the assigned surgical technique. 
The primary endpoint (CDE) and secondary endpoints 
(percent change in ECD and torsional amplitude) were 
assessed using descriptive statistics for each surgical tech-
nique. Means were estimated using 95% confidence inter-
vals based on a mixed model for repeated measures 
(MMRM), considering correlation between both eyes 
within a patient. Superiority of FLACS to the conventional 
technique was to be demonstrated using t-tests based on 
MMRM. The multiplicity of statistical tests for primary 
and secondary endpoints was adjusted in a sequential man-
ner as follows. The primary endpoint (CDE) was tested 
first. Percent ECD change was tested only if there was 
a significant difference in CDE. Per planned analysis 
method, average torsional amplitude was to be tested for 
superiority only if there was a significant difference 
in percent ECD change. Because the percent change of 

Table 1 FLACS Settings

Parameter Lens Capsulotomy

Lens method FRAG –

Diameter 6.0 mm 5.5 mm

Energy 15 µJ 7 µJ
Spot separation 20 µm 5 µm

Layer separation 30 µm 4 µm

FRAG size 200 µm –

Abbreviations: FLACS, femtosecond laser-assisted cataract surgery; FRAG, 
fragmentation.
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ECD did not show a statistically significant difference 
between surgical techniques, the superiority testing was 
not performed. The sample size was determined according 
to this statistical analysis strategy, and overall type 1 error 
was controlled at one-sided 2.5%. Demographic data and 
exploratory effectiveness endpoints, including estimated 
aspiration fluid use, central corneal thickness, and 
CDVA, were summarized descriptively.

Safety
Adverse events (AEs) and device deficiencies were assessed 
at the surgery visit and all postoperative visits. Serious adverse 
events (SAEs), defined as an AE that led to death or serious 
deterioration in the health resulting in a life-threatening illness 
or injury, any potentially sight-threatening event, in-patient 
hospitalization, a congenital anomaly, or a medically impor-
tant event, were evaluated by the investigator. Number and 
percentage of eyes with AEs after cataract surgery were pre-
sented by each surgical technique.

Results
Subject Characteristics
Of the 57 subjects enrolled in this study, 2 discontinued 
before surgery and 55 completed the study and were 
included in the safety analysis set. Two additional sub-
jects were excluded from the full analysis set because 
surgery on both the first and second eyes was not 
performed according to planned randomization 
(Figure 1). In the full analysis set, 53 eyes were in the 
FLACS group and 53 eyes were in the conventional 
group. The mean cataract grade was 2.92±0.58 in the 
FLACS group and 2.94±0.57 in the conventional group. 
Grade 3 cataract was the most common type in both the 
FLACS (66%; 35/53) and conventional (68%; 36/53) 
groups. In the safety analysis set, 64% of subjects 
were female (35/55; Table 2), and the mean ± SD age 
was 73.2±6.6 years.

Cumulative Dissipated Energy
On the day of the surgery, mean ± SD CDE was 0.213 
±0.334%-seconds for FLACS (n=53) and 1.718±0.898%- 
seconds for conventional methods (n=53; Figure 2). The 
CDE least squares mean difference of 1.505%-seconds 
between the techniques was significant (P<0.0001), and super-
iority of FLACS versus conventional method for CDE was 
demonstrated.

Endothelial Cell Density
At the preoperative visit, mean ECD was 2629±236 
cells/mm2 for FLACS (n=53) and 2634±229 cells/ 
mm2 for conventional technique (n=53), and the least 
squares mean difference between the techniques was 
4.2 cells/mm2 (P=0.848). At the day 150–210 visit, 
mean ECD was 2583±215 cells/mm2 for FLACS 
(n=53) and 2561±260 cells/mm2 for conventional tech-
nique (n=53), and the least squares mean difference 
between the techniques was 22 cells/mm2 (P=0.395). 
The percent ECL at the day 150–210 visit compared 
with the preoperative visit was 1.5±5.6% for FLACS 
(n=53) and 2.7±5.2% for conventional (n=53; 
Figure 3). Although ECL was numerically greater for 
conventional technique compared with FLACS, the 
1.2% difference in ECL between the techniques was 
not significant (P=0.260).

Figure 1 Subject disposition. *Surgery was not performed according to the ran-
domization table. 
Abbreviation: FLACS, femtosecond laser-assisted cataract surgery.
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Torsional Amplitude
On the day of the surgery, mean torsional amplitude was 
19.6±16.0% for FLACS (n=53) and 31.1±6.6% for 

conventional (n=53; Figure 4). The torsional amplitude 
was significantly smaller for FLACS versus conventional 
technique (least squares mean difference of 11.5%; 

Table 2 Subject Demographics and Baseline Characteristics

Parameter Safety Analysis Set (n=55) Full Analysis Set (n=53)

Age, years
Mean ± SD 73.2±6.6 73.4±6.5

Range 60–85 60–85

Age group, years, n (%)

60–69 15 (27) 14 (26)
70–79 30 (55) 29 (55)

≥80 10 (18) 10 (19)

Sex, n (%)

Female 35 (64) 33 (62)

Male 20 (36) 20 (38)

FLACS (n=55) Conventional (n=55) FLACS (n=53) Conventional (n=53)

Cataract grade, n (%)

Grade 1 0 0 0 0

Grade 2 11 (20) 10 (18) 11 (21%) 10 (19)
Grade 3 37 (67) 38 (69) 35 (66) 36 (68)

Grade 4 7 (13) 7 (13) 7 (13) 7 (13)

Grade 5 0 0 0 0

Mean ± SD cataract grade 2.93±0.57 2.95±0.56 2.92±0.58 2.94±0.57

Abbreviation: FLACS, femtosecond laser-assisted cataract surgery.

Figure 2 Mean cumulative dissipated energy on the day of the surgery with FLACS 
and conventional techniques. FLACS, n=53; Conventional, n=53; error bars repre-
sent ± SD. 
Abbreviation: FLACS, femtosecond laser-assisted cataract surgery.

Figure 3 Mean endothelial cell loss on day 150–210 visit versus preoperative visit 
with FLACS and conventional techniques. FLACS, n=53; Conventional, n=53; error 
bars represent ± SD. 
Abbreviations: ECD, endothelial cell density; FLACS, femtosecond laser-assisted 
cataract surgery.
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P<0.0001). However, superiority was not demonstrated 
according to the stated analysis plan.

Exploratory Endpoints
Aspiration fluid usage on the day of the surgery was 
similar for both FLACS and conventional techniques. In 
the full analysis set, mean estimated aspiration fluid usage 
was 25.0±8.0 mL in the FLACS group versus 23.9 
±5.3 mL in the conventional group after the ultrasound 
and was 46.7±8.5 mL for FLACS versus 44.1±6.5 mL for 
conventional after the entire procedure.

Central corneal thickness in the full analysis set increased 
at the day 1 visit compared with the preoperative visit for 
both FLACS and conventional techniques. There was 
a significantly greater increase in mean central corneal thick-
ness for subjects in conventional group versus those in the 
FLACS group (6.1 µm; P=0.0048; Figure 5). For both 
FLACS and conventional groups, central corneal thickness 
at 20–40 days, 60–120 days, and 150–210 days was similar 
to the preoperative visit; no significant differences were 
observed between FLACS and conventional techniques.

Figure 4 Mean average torsional amplitude on the day of the surgery with FLACS 
and conventional techniques. FLACS, n=53; Conventional, n=53; error bars repre-
sent ± SD. 
Abbreviation: FLACS, femtosecond laser-assisted cataract surgery.

Figure 5 Mean central corneal thickness with FLACS and conventional techniques. FLACS, n=53; Conventional, n=53; error bars represent ± SD. 
Abbreviation: FLACS, femtosecond laser-assisted cataract surgery.
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At the preoperative visit, CDVA ≥0.7 was reported for 
59% of subjects in the FLACS group and 57% of subjects 
in the conventional group. Mean CDVA was 0.161±0.125 
logMAR for the FLACS group (n=53) and 0.179±0.127 
logMAR for the conventional group (n=53; Figure 6). At 
the 4–10-day visit and all later visits, all subjects achieved 
CDVA ≥0.7. Subjects in both the FLACS and conventional 
groups achieved comparable CDVA. At day 150–210 visit, 
mean CDVA was −0.029±0.040 logMAR for the FLACS 
group (n=53) and −0.024±0.045 logMAR for the conven-
tional group (n=53).

Safety
In the FLACS group, ocular AEs were reported in 6/55 
subjects (11%), including conjunctival haemorrhage, 

posterior capsule opacification, and cystoid macular 
edema (n=1 each; Table 3). In the conventional group, 
ocular AEs were reported in 2/55 subjects (4%), including 
posterior capsule opacification, vitreous prolapse, and cili-
ary zonular dehiscence (vitreous prolapse and ciliary zonu-
lar dehiscence occurred in the same subject; Table 3). 
Posterior capsular opacification was reported in the same 
subject, using either FLACS or conventional techniques. 
None of the ocular AEs were assessed as related to the 
device and none led to discontinuation from the study. No 
ocular SAEs were reported.

Non-ocular AEs were reported in 3/55 subjects (6%; 
Table 4). Non-ocular SAEs included chondrocalcinosis 
pyrophosphate (1/55; 2%) and epilepsy (1/55; 2%). None 
of the non-ocular AEs were assessed as related to the study 
device or to the conduct of the study by the investigator 

Figure 6 Mean CDVA with FLACS and Conventional techniques. FLACS, n=53; conventional, n=53; error bars represent ± SD. 
Abbreviations: DVA, corrected visual acuity; FLACS, femtosecond laser-assisted cataract surgery.

Table 3 Subjects with Ocular AEs (Safety Analysis Set)

AE, n (%) FLACS 
(n=55)

Conventional 
(n=55)

All AEs 6 (11) 2 (4)

Ciliary zonular dehiscence 1 (2) 1 (2)

Conjunctivochalasis 1 (2) 0
Conjunctival hemorrhage 1 (2) 0

Cystoid macular edema 1 (2) 0

Hordeolum 1 (2) 0
Posterior capsule 

opacification

1 (2) 1 (2)

Vitreous prolapse 0 1 (2)

Abbreviations: AE, adverse event; FLACS, femtosecond laser-assisted cataract 
surgery.

Table 4 Subjects with Non-Ocular AEs and SAEs

Safety Analysis Set (n=55)

AE, n (%)
All AEs 3 (6)

Blood pressure increased 1 (2)
Chondrocalcinosis pyrophosphate 1 (2)

Epilepsy 1 (2)

SAE, n (%)
All SAEs 2 (4)

Chondrocalcinosis pyrophosphate 1 (2)
Epilepsy 1 (2)

Abbreviations: AE, adverse event; SAE, serious adverse event..
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and none led to discontinuation from the study. Device 
deficiency (patient interface docking failure) was reported 
in 1 subject in the FLACS group. This was resolved and 
there were no related health hazards or AEs.

Discussion
In this study, significantly lower CDE levels and torsional 
amplitude were achieved by subjects receiving phacoemul-
sification by the FLACS (with LenSx) surgical technique 
compared with the conventional surgical technique 
(P<0.0001 for both), and superiority of FLACS was 
demonstrated for CDE. Low ECL was observed with 
both techniques (1.5% for FLACS and 2.7% for conven-
tional) at 150 to 210 days after surgery. Although central 
corneal thickness was significantly smaller for FLACS 
versus conventional technique at the day 1 visit, it was 
comparable for both techniques at all other visits. 
Additionally, CDVA was comparable for both techniques 
at all postoperative visits.

The lower levels of CDE achieved with FLACS com-
pared with conventional techniques were consistent with 
previous reports. A recent observational retrospective 
study in 735 eyes found that mean CDE during phacoemul-
sification was significantly lower for FLACS versus con-
ventional techniques in subjects with grade 4 cataracts 
(P=0.05).10 A prospective comparative nonrandomized 
study in 570 eyes reported that mean CDE was significantly 
lower in FLACS versus conventional group when using 
either a Centurion active-fluidics phacoemulsification plat-
form or INFINITI (Alcon Vision LLC) gravity-fluidics plat-
form (P=0.0008 and P=0.0003, respectively).12 Recent 
meta-analyses addressing efficacy and safety of FLACS 
similarly reported lower CDE for subjects in the FLACS 
group compared with those in the conventional technique 
group.22,23

The ECL rates of 1.5% to 2.7% observed in the current 
study were substantially lower than rates of 6.4% to 18.4% 
reported in other studies.24 There are a number of para-
meters that can contribute to the ECL risk after cataract 
surgery. A regression analysis of ECL in 50 patients after 
routine cataract surgery found that phacoemulsification 
time was a significant factor for ECL (P<0.01).25 

Shallow anterior chamber depth (ACD) and short axial 
length also contributed to the risk of ECL (P=0.02 and 
P=0.001, respectively).25 In patients with grade NO3 and 
NO4 cataracts, ACD ≤2.5 mm resulted in significantly 
greater ECL compared with ACD between 3.5 and 
4.5 mm (P<0.05 for both).26 The OVD type can also affect 

ECL. In a study that assessed OVDs, the use of dispersive 
versus cohesive viscoelastic resulted in 1.2% versus 9.6% 
ECL, respectively (P<0.0001).27 A study that assessed 
FLACS versus conventional technique in 400 patients 
using the previous generation Infiniti system reported 
greater mean ECL using FLACS (10.2±13.7%) compared 
with the conventional technique (9.7±13.7%).28 The mean 
ECL was substantially greater using the Infinity compared 
with the Centurion in the current study, suggesting better 
fluidics efficiency with the latest generation system. The 
Centurion system, which can be operated at higher 
vacuum settings, can use significantly less aspiration 
fluid and provide better surgical efficiency compared 
with the Infinity system.15,29,30

Previous studies showed mixed results for effects of tor-
sional phacoemulsification on ECL. The use of torsional 
versus conventional ultrasound resulted in 3.2% versus 
7.9% ECL, respectively, 1 month after surgery in patients 
with moderate cataract and 23.5% versus 13.5% ECL, respec-
tively, in patients with hard cataract.31 Another study reported 
ECL of 4.2% in torsional versus 6.7% in conventional groups 
2 months after surgery.32 Torsional phacoemulsification can 
result in shorter cumulative tip travel and shorter procedure 
time, indicating increased nuclear follow ability. Collectively, 
these surgical technique improvements may lead to increased 
phacoemulsification efficiency and safety.33

Although ECL can be affected by multiple factors, it 
may be feasible to evaluate how technique, equipment, 
accessories, and other components contribute to favour-
able ECL outcomes with both FLACS and manual pha-
coemulsification methods. The surgical parameters used in 
the current study likely contributed to low CDE that 
resulted in ECL that was considerably below previously 
reported levels, regardless of surgical method.

In this study, the eye was stabilized to maintain the correct 
biomechanical orientation when creating the incision and to 
avoid trauma to the adjacent Descemet’s membrane. The 
VERION Image Guided System (Alcon Vision LLC) contrib-
uted as a visual guiding tool, allowing the incision to be at the 
correct axis. The use of a balanced tip designed specifically for 
torsional phacoemulsification allowed low movement at the 
incision site and efficient amplification of movement at the 
distal end, contributing to low CDE. Linear control of power 
with a delineated foot pedal movement control made it possi-
ble to use the minimum amount of energy for the cataract 
removal. At the torsional maximum ultrasound power setting 
of 50%, CDE at the incision site was low for an average grade 
cataractous material. Delivering ultrasound energy centrally to 
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the anterior chamber, just below the iris plane, may decrease 
the risks of potential complications when emulsification and 
aspiration of cortical materials occur near the posterior capsule 
or too close to the cornea. The ultrasound tip was positioned 
with the bevel facing down to reduce effects of cavitation and 
minimize turbulence, which may help protect the endothelium 
and contribute to low ECL.34 The irrigation ports were 
oriented to the side of the ultrasound tip and vacuum was 
engaged when ultrasound power was delivered (Figure 7), 
improving efficiency of the phacoemulsification procedure 
and optimizing the use of ultrasound energy. The combination 
of FLACS and Centurion that resulted in small fragmentation 
size (200 µm) facilitated easier aspiration of the lens and could 
have also contributed to the reduction of CDE and ECL.

Limitations of this study include a relatively small 
number of subjects evaluated and a single-site study 
design. Superiority of ECL was not demonstrated in this 
study because the difference between surgical techniques 
(1.2%) was smaller than initially forecast (5.5%). A larger 
sample size would be needed to statistically identify 
a 1.2% difference. Additional studies assessing effects of 
FLACS on CDE and ECL in larger populations in general 
practice settings are needed, as well as further evaluation 
of the phacoemulsification parameters and their effects on 
surgical outcomes. Finally, evaluation of cost-effectiveness 
of FLACS versus the conventional surgical approach was 

beyond the scope of this study. In addition to further 
evaluation of clinical benefits of FLACS in general prac-
tice settings, evaluation of the cost-effectiveness of 
FLACS would be of value.

In conclusion, phacoemulsification using the FLACS 
(with LenSx) surgical technique achieved significantly 
lower cumulative dissipated energy levels (P<0.0001) 
and torsional amplitude (P<0.0001) compared with the 
conventional method. Low ECL was achieved with both 
FLACS and conventional phacoemulsification (1.5% and 
2.7%, respectively) when using low phacoemulsification 
energy and selecting an efficient ultrasound tip and mod-
ality; proficient surgical technique and efficient use of 
fluidics and OVD can also contribute to low ECL.
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